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Chapter 1 
Introduction 


This service module describes the Z-150 Base Unit. Each subassembly 
installed in the base unit is divided into its own service module. Each 
module contains its own table of contents, and is complete within itself. 
For example, if you wish to configure the CPU card, you would refer to 
the System CPU Card Service Module. 


Service Equipment Required 


The following information is provided for proper servicing of the Z-150 
Personal Computer. Use the recommended model numbers or equivalent 
substitutes. 


Test Equipment 


Oscilloscope—DC to 100 MHz, dual trace, triggered sweep. 
Tektronics Model 465. 


Logic Probe—DC to 20 MHz. Capable of detecting 10 ns single 
pulses, and indicating logic one, logic zeroes, and high impedance 
states. Heath Model IT-7410. 


Digital Voltmeter—High impedance input, 0 to 1000 volts, 0 to 1 
megohm. Heath Model SM-2215. 


Variable Power Supply—O to 120 МАС RMS, З amperes. 


Low Capacitance Oscilloscope Probe—Input capacitance adjust- 
able from 15 pF to 50 pF, 4 ns rise time. Heath Model PKW-105. 


Video Monitor—RGB color and monochrome composite wide band 
monitor. Zenith Model ZVM-135. 
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Introduction 


Tools 
The following hand tools or equivalent are required for servicing: 


Long-nose pliers 

Diagonal cutters 

1/4" blade slotted screwdriver 

#1 Phillips screwdriver 

#2 Phillips screwdriver 

Set of nut drivers 

Desoldering bulb 

soldering iron, Heath Model GH-17A 

IC puller, Heath Part Numbers HE 490-111 and HE 490-189 


Miscellaneous Supplies 


@ Solder, 60/40, Heath Part Number HE 331-13 
е  Desoldering braid, Heath Part Number HE 490-185 
e  Lint-free cloth 


Chapter 2 
Installation and Configuration 


Introduction 


This chapter provides information for installation of the Z-150 Personal 
Computer. There is no configuration required for the base unit. Refer to 
the appropriate service module to configure the power supply, disk drives, 
and cards. 


Operating Environment 


The operating environment for the computer should not exceed the tem- 
perature and operating limits of — 4° to 140° F (—20? to 60? C) and 10% 
to 8096 relative humidity. 
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Installation and Configuration 


Installation 


Place the computer on a sturdy table or desk, near a grounded power 
receptacle. If an extension cord must be used, be sure it is rated for 
a minimum of 15 amps. It is important that the air and fan vents аге 
clear of obstructions which could inhibit proper air flow. Refer to Figure 
2.1 for the vent locations. 


Figure 2.1. Z-150 Vent Locations 
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Rear Chassis Plugs and Connectors 


Refer to Figure 2.2 and connect the appropriate plugs and connectors 
listed below. In addition to the plugs and connectors listed, there are four 
positions provided for optional cards. Refer to the appropriate service mod- 
ule for more detailed information. 

Power Supply 

WARNING: Be sure the power supply switch is in the OFF position. 


e Plug the computer line cord into the power supply receptacle. 


Floppy Disk Controller Card 

e Serial connector DTE #1 (the upper of the two connectors) provides 
the necessary RS-232 signals for connection to a serial printer or 
other device. 

e Included on some units — serial connector DTE #2 (the lower of 
the two connectors) provides the necessary RS-232 signals for con- 
nection to a serial printer or other device. It is most commonly used 
for serial communication. 


Video/Color/Composite Card 


e A phono jack connector provides the composite monochrome output 
signals for a video monitor. 


ө A DB-9 "D" connector provides the RGB color output signals for a 
color video monitor. 


CPU Card 


e  Afive-pin "DIN" connector provides for connection of the keyboard. 
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Installation and Configuration 


Memory Card 


€ A parallel connector provides for connection to a Centronics-type 
parallel printer or other parallel input/output devices. 


COMPOSITE VIDEO OUT 
SERIAL CONNECTOR *1 KEYBOARD CONNECTOR 


м 
| NNECTOR *2 NNECTOR 
SERIAL CO C RGB VIDEO OUT PARALLEL CO C 


*Included on some units. 1 
Figure 2.2. Z-150 Rear View 


Power On 


Press the power switch located on the rear of the chassis to ON. The 
light-emitting diode (LED) indicator on the front panel should turn on. Refer 
to Figure 2.3. 


DRIVE А(0) 


LED (POWER ON INDICATOR) 
Figure 2.3. 2-150 Front View 
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Bootup Procedures 


The floppy disk systems come from the factory set for autoboot drive 
0 (A), the upper floppy disk drive. When power is turned on, the computer 
will automatically boot the system disk installed in drive A. If no disk is 
installed in the drive, the following error message will result: 


+ + + DISK ERROR: DRIVE NOT READY! + + + 


Autoboot сап be defeated by pressing the ESC key. 


The computer is software reset by pressing the CTRL, ALT, and DEL 
keys simultaneously. Switching the computer off and then on generates 
a hard reset. 


The computer can be returned to the system monitor by pressing the 
CTRL, ALT, and INS keys simultaneously. 


The computer can be configured for no autoboot drive 0 (A) through the 
use of a switch on the CPU card (refer to the System CPU Card Service 
Module for the switch settings). When in this configuration, insert the sys- 
tem disk, type B, and press the RETURN key after receiving the prompt. 


To boot drive 1 (B), the lower floppy disk drive, type B1 and press the 
RETURN key. 


NOTE: For Winchester bootup procedures, refer to the Winchester System 
Service Module. 


Chapter 3 
Theory of Operation 


Introduction 


This chapter provides a brief theory of operation of the Z-150 Personal 
Computer. If a more detailed theory of operation is desired, refer to the 
appropriate service module. 


Refer to the block diagram, Figure 3.1, as you read the following descrip- 
tion. The Z-150 Personal Computer consists of the following blocks: 


Power Supply 

Backplane Board 

Keyboard 

Floppy Disk Controller Card 
Two 5-1/4" half-height drives 
CPU Card 
Video/Color/Composite Card 
Memory Card 

Four optional card slots 


Some of the options available are: 


e Winchester Controller Card with Winchester Drive 
e  Bit-Mapped Video Graphics Card 
е  Asecond Memory Сага 
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Figure 3.1. 2-150 Computer Block Diagram 
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System Block Descriptions 


Power Supply 


The power supply is an on-line, switching mode power supply. The power 
supply provides +12 VDC, —12 VDC, +5 VDC, and a power supply 
good (PSG") signal to the backplane board, and voltages to the disk drives. 
The power supply is cooled by an internal fan and is protected from over- 
voltage, undervoltage, overcurrent, and overtemperature. This power sup- 
ply is not serviceable. 


Backplane Board 


The backplane board provides bus interfacing between all cards and the 
power supply. Five LEDs and a —5 VDC regulator are located on the 
board. The LEDs indicate the status of the power supply. 


Floppy Disk Controller Card 


The floppy disk controller card provides the necessary read/write and con- 
trol signals for the two 5-1/4" half-height internal disk drives. A connector 
is provided for two external disk drives (not supported at this time). The 
floppy disk controller card also contains the two serial (DTE) output ports. 


Disk Drives 


The currently approved internal 5-1/4" half-height drives are Shugart 
(2-207-7), Mitsubishi (Z-207-71), Matsushita, or Qume. These drives use 
48-ТРІ double-sided, double-density disks. The list of approved апуев-тау 
be expanded т the future. | 
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CPU Card 


The CPU card uses an 8088 or 80C88 16-bit microprocessor with an 
option for an 8087 microprocessor. The CPU card controls the timing, 
addressing, and generation of control signals for the computer. The 
keyboard, speaker, and power-indicating LEDs all are interfaced to the 
CPU card. The CPU card contains six LEDs used as an aid in troubleshoot- 


ing. 


Keyboard 


The keyboard communicates serially with the computer under software 
(firmware) control. The keyboard outputs normal ASCII characters or spe- 
cial function codes. The keyboard control circuits contain an oscillator cir- 
cuit which provides for the bell and key click. 


Video/Color/Composite Card 

The video/color/composite card provides the IBM* PC-compatible com- 
posite monochrome or RGB color output signals to a monochrome or 
color monitor. 

Memory Card 

A fully populated memory card contains 320K of RAM (five banks). As- 


sociated memory card circuitry provides parity checking and refresh cy- 
cles. A parallel output port is provided on this сага. 


*IBM is a registered trademark of International Business Machines Corporation. 


Options 
Some of the options available for the computer are listed below. 


Memory 


An optional second memory card may be installed, providing the computer 
with a maximum of 640K of memory. The first memory card must be 
fully populated before the second memory card will be recognized, or 
the memory will not be differentiated. 


Winchester Controller Card 

The Winchester controller card provides the necessary read/write and con- 
trol signals for the Winchester drive. 

Winchester Disk Drives 

The two currently approved internal Winchester drives are CMI (Z-217-21) 
or MiniScribe (Z-217-20 or Z-217-2). These drives are sealed hard disks 


with a formatted capacity of about 10 megabytes. The list of approved 
drives тау be expanded in the future. 
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Chapter 4 
Disassembly 


Introduction 


This chapter contains disassembly information for the Z-150 Computer. 
Refer to Figure 4.1 (or Figure 4.2 for alternate/configuration) while disas- 
sembling to the appropriate level. 


WARNING: Be sure the power switch is OFF and the line cord is removed 
before beginning disassembly procedures. 


CAUTION: Integrated Circuits (ICs) are electrostatic-sensitive devices 
(ESD). These devices can be damaged by static electricity. 


Disassembly Procedures 


Top Cover Removal (5) 


е Remove seven screws (10) and top cover (5). 


Floppy Disk Controller Card Removal (20) 


Hemove seven screws (10) and top cover (5). 

Remove screw (170) and card guide (160) (if installed). 

Disconnect cable assembly (180) from floppy disk controller card (20). 
Disconnect any external cables installed from floppy disk controller 
card (20). 

е Remove screw (25) and floppy disk controller card (20). 


Video/Color/Composite Card Removal (30) 


Hemove seven screws (10) and top cover (5). 

e Remove screw (170) апа card guide (160) (if installed). 

e Disconnect the video display external cable from video/color/compos- 
ite card (30). 

е Remove screw (25) and video/color/composite card (30). 


2-150 Disassembly View 


22 
Z 


2 
K 
GLP 
2” 


Ғідиге 4.1. 


Раде 4.2 
Disassembly 
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WINCHESTER DRIVE 
OPTION 


Z-150 Disassembly View 


(——————— P———— Y ———Á———————— —"'— ——— Y 


Figure 4.2. 
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(Alternate Configuration) 
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System CPU Card Removal (35) 


Remove seven screws (10) and top cover (5). 

Remove screw (170) and card guide (160) (if installed). 
Disconnect the keyboard from the system CPU card (35). 
Disconnect cable assembly (125) from the system CPU card (35). 
Remove screw (25) and system CPU сага (35). 


Memory Card Removal (40) 


Нетоуе seven screws (10) and top cover (5). 

Hemove screw (170) and card guide (160) (if installed). 
Disconnect any external cables connected to the memory card (40). 
Remove screw (25) and memory сага (40). 


Shipping Bracket Removal (166) 


e Remove seven screws (10) and top cover (5). 
e Remove screw (170) and card guide (160) (if installed). 
е Remove two screws (25) and shipping bracket (166). 


Winchester Controller Card Removal (200) 
(If Installed) 


Remove seven screws (10) and top cover (5). 

Remove screw (170) and card guide (160) (if installed). 
Disconnect cable assemblies (205 and 210). 

Remove screw (25) and Winchester controller card (200). 


Optional Card(s) Removal 


Remove seven screws (10) and top cover (5). 

Remove screw (170) and card guide (160) (if installed). 
Disconnect cable assemblies (if required). 

Remove screw (25) and optional card(s). 
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Backplane Board Removal (45) 


Нетоуе seven screws (10) and top cover (5). 

Remove screw (170) and card guide (160) (if installed). 

Disconnect cable assembly (180) from floppy disk controller card (20). 
Disconnect any external cables installed from floppy disk controller 
card (20). 

Remove screw (25) and floppy disk controller card (20). 

Disconnect the video display external cable from video/color/compos- 
ite card (30). 

Remove screw (25) and video/color/composite card (30). 

Disconnect the keyboard from the system CPU card (35). 

Disconnect cable assembly (125) from the system CPU card (35). 
Remove screw (25) and system CPU card (35). 

Disconnect any external cables connected to the memory card (40). 
Remove screw (25) and memory card (40). 

Remove two screws (25) and shipping bracket (166), if installed. 
Disconnect cable assemblies (205 and 210) from Winchester control- 
ler card (if installed). 

Remove screw (25) and Winchester controller card (200). 

Remove optional card(s) if installed. 

Disconnect power supply connector. 

Remove six screws (25) and backplane board (45). 
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Winchester Cable Assemblies Removal (205 and 210) 


(If Installed) 


Remove seven screws (10) and top cover (5). 

Remove screw (170) and card guide (160) (if installed). 

Disconnect cable assembly (180) from floppy disk controller card (20). 
Disconnect any external cables installed from floppy disk controller 
card (20). 

Нетоуе screw (25) and floppy disk controller card (20). 

Disconnect the video display external cable from video/color/compos- 
ite card (30). 

Remove screw (25) and video/color/composite сага (30). 

Disconnect the keyboard from the system CPU card (35). 

Disconnect cable assembly (125) from the system CPU card (35). 
Remove screw (25) and system CPU card (35). 

Disconnect any external cables connected to the memory card (40). 
Remove screw (25) and memory card (40). 

Disconnect cable assemblies (205 and 210) from Winchester control- 
ler card (if installed). 

Hemove screw (25) and Winchester controller card (200). 

Нетоуе optional card(s) if installed. 


Remove two hex lock nuts (220) and cable strap (215). 
Disconnect and remove cable assemblies (205 and 210) from Win- 
chester drive. 


Power Supply Removal (50) 


Remove seven screws (10) and top cover (5). 

Disconnect power supply cable to backplane board (45). 

Disconnect power supply cables to the disk drives (85). 

Remove two screws (65) from rear of chassis (185). 

Remove four hex lock nuts (55) from the bottom of the chassis and 
remove power supply (50). 


NOTE: If a replacement power supply is to be installed, remove two screws 
(65), J bracket (60), and two insulators (70). 
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Disk Drive Chassis Removal (75) 


Remove seven screws (10) and top cover (5). 

Remove screw (170) and card guide (160) (if installed). 

Disconnect power supply cable to backplane board (45). 

Disconnect power supply cables to the disk drives (85). 

Hemove two screws (65) from rear of chassis (185) securing power 
supply (50). 

Remove four hex lock nuts (55) from the bottom of the chassis and 
remove power supply (50). 

Disconnect cable assembly (180). 

Disconnect cable assemblies (205 and 210) if Winchester drive is 
installed. 

Hemove six hex lock nuts (55) and disk drive chassis (75). 


Disk Drive Removal (85) 


Remove seven screws (10) and top cover (5). 

Remove screw (170) and card guide (160) (if installed). 

Disconnect power supply cable to backplane board (45). 

Disconnect power supply cables to the disk drives (85). 

Remove two screws (65) from rear of chassis (185) securing power 
supply (50). 

Remove four hex lock nuts (55) from the bottom of the chassis and 
remove power supply (50). 

Disconnect cable assembly (180). 

Disconnect cable assemblies (205 and 210) if Winchester drive is 
installed. 

Remove six hex lock nuts (55) and disk drive chassis (75). 

Hemove four screws (90) from the drive to be removed and the 
selected drive (85). 


NOTE: If Winchester drive is removed, the vented cover (100) must be 
removed and routed through the disk drive chassis (75). 
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Speaker Removal (145) 

е Remove seven screws (10) and top cover (5). 

е Remove screw (170) and card guide (160) (if installed). 

e Disconnect any external cables connected to the memory сага (40). 

е Remove screw (25) and memory card (40). 

e Remove two screws (25) and shipping bracket (166), if installed. 

e Disconnect cable assemblies (205 апа 210) from Winchester control- 
ler card (if installed). 

е Remove screw (25) and Winchester controller card (200). 

e Remove optional cards if installed. 

e Disconnect the speaker LED connector оп the system CPU сага. 

ә > Remove three screws (130) securing the front cover (105). 

e Gently pull forward on the front cover until retaining pins (115) re- 
lease. 

е Disconnect the LED cable (125) from LED (120) and remove the 
front cover (105). 

e Remove four screws (170) and retaining board (165). 

e Route LED cable (125) through grommet (135). 

* 


Remove speaker (145) and cable assembly from grommet (140). 


Chapter 5 


Troubleshooting 


Introduction 


This computer contains a very powerful servicing aid in the form of diag- 
nostic and system check subroutines programmed permanently into the 
machine's read-only memory (ROM). 


These subroutines, in conjunction with the power supply diagnostic LEDs 
on the backplane board, and the system diagnostic LEDs on the CPU 
card, will test, and indicate relevant failures in a high percentage of the 
computer system circuitry. 


Also incorporated in the ROM code are provisions for loading (booting) 
an operating system, such as MS?*-DOS, from any disk drive in your 
system. DIP switches on the CPU card may be positioned to implement 
an autoboot at powerup, or a keyboard-initiated manual boot at the 
operator's discretion. Refer to the configuration section of the System CPU 
Card Service Module for DIP switch setup instructions. 


NOTE: It also is recommended that the Z-100 PC Series Disk-Based 
Diagnostics Package, Model CB-5063-13, be utilized in cases where the 
foregoing aids do not localize a problem. Details on the use of this utility 
are provided with the package. 


™ MS is a trademark of Microsoft Corporation. 
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ROM Diagnostics — General 


The ROM-based diagnostics are comprised basically of three types: 


e Automatic checks performed at powerup; 
e User or serviceman-selected tests; and 
e Debugging routines to force specific operating conditions. 


Power-Up Checks 


The following hardware checks are automatically made when the computer 
is first turned on: 


Central processor unit (CPU) 

Read-only memory (ROM) 

User random access memory (RAM) (first and last 64K only) 
Interrupt control and timer circuits 

Parity RAM 

Keyboard microcomputer 


NOTE: These checks are made only after a system disk is booted. 


Disk drive ready 

Disk drive seek function 

Disk controller 

Disk direct memory access (DMA) overrun 
Disk sector 

Disk cyclic redundancy check (CRC) 

Disk address mark 
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User-Selected Tests 


In addition, the user/serviceman may menu-select the following test se- 
quences (refer to Menu-Selected Tests in this chapter). 


Disk read 
Keyboard 
Memory 
Power-up test 


Any of the test sequences will result in a test screen displaying the test 
name, number of passes made, and keyboard key sequence required 
to abort the test. In the event an error is encountered, the test also will 
abort and an error message will be displayed. 


Unlike the memory test run by the automatic routines, which only tests 
the first and last 64K of RAM, the memory test selected here checks 
all the user RAM plus the 16K of video screen RAM. 

Diagnostic LEDs 


The LEDs on the backplane board and CPU card also are very useful 
for fault determination. 


Page 5.4 


Troubleshooting 


Backplane Board LEDs 


Figure 5.1 shows the component layout scheme for the backplane circuit 


BACKPLANE BOARD 


board. 


Figure 5.1. Backplane Board LED Locations 


Refer to Figure 5.1 for the location of the LEDs which indicate power 
supply integrity, PSG, plus (+) and minus (-) 12 VDC, plus (+) 5 VDC 
from the power supply, and the minus (—) 5 VDC developed by the -5 
VDC regulator from the ( —)12 VDC input їо the backplane board. 
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CPU Card LEDs 


Refer to Figure 5.2 to identify and locate the six LEDs located on the 
CPU card. Table 5.1 defines these LEDs in terms of the parameters tested. 


CPU CARD | 


Figure 5.2. CPU Card LED Locations 
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Table 5.1. 


LED NAME 


CPU 


ROM 


RAM 


INT 


DSK 


RDY 


CPU Card LED Identification 


FUNCTION TESTED 


Proper operation of the central processing unit on the CPU card. 
Lights if CPU is not responding properly. 


Read-only memory. Lights if program ROM appears to be invalid. 


Random access memory. Lights to indicate RAM is not storing 
information correctly. 


System clock check. Lights if clock is not running or running at 
incorrect frequency. Looks for an interrupt on powerup. 


Disk controller. Extinguished when controller is reset. Lights if con- 
troller does not respond properly. Looks at drive A only; steps 
to track 30 and then to track 00. 


Operating system boot indicator. Is on initially; goes out when rest 
of test routines are completed, the operating system is successfully 
booted from disk, and a DMA is begun. 


The LEDs are extinguished sequentially, from the front of the card to the 
rear, so that more than one indicator may be on at once in the event 
a parameter fails before the entire automatic sequence is completed. The 
illuminated LED closest to the front of the CPU card identifies the failed 


test. 
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Detailed Diagnostic Operation 


The following procedures define use of the various built-in diagnostic sub- 
routines in sufficient detail for service/bench level fault isolation. In general, 
the procedures are presented in the sequence most likely to be of use 
in the normal course of problem occurrence/method of correction. Use 


of this information assumes the computer was operating properly prior 
to the malfunction. 


Automatic Power-Up Checks/Screen 
Error Messages 


The following paragraphs describe possible screen error messages which 
may occur at powerup, and the corrective action necessary to resolve 


the problem. 
If the following messages appear, 
+ + + ERROR: CPU failure! + + + 


ОГ 


+ + + ERROR: ROM checksum failure! + + + 


the CPU card may be malfunctioning. The checksum message is a result 
of a mismatch between a predetermined value and a value derived from 
the contents of system ROM. Turn the machine off, then on again. If 
the same message reoccurs, refer to the troubleshooting messages in 
the System CPU Card Service Module. 
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+ + + ERROR: RAM failure! Address: XXXX:YYYY, Bit: N, Chip: UXXX + + + 

where UAXX is the memory card and УЗХХ is the video card. 

or 

+++ ERROR: Parity hardware failure! Address: ХХХХ:ҮҮҮҮ, Bit: N, Chip: UXXX +++ 
or 

+++ ERROR: Parity failure! Address: XXXX:YYYY, Chip: UXXX +++ 


messages indicate a malfunction on the system memory card. И Zenith 
memory cards are installed, the chip number displayed defines which chip 
is at fault. The most probable reason for an error of these types is incorrect 
positioning, or malfunctioning, of the CPU DIP switches related to system 
memory size. However, if the computer was performing properly before 
the problem developed, switch positions probably are not at fault. 


Hefer to the troubleshooting section in the Memory Card Service Module. 
+ + + ERROR: Timer interrupt failure! + + + 


This message indicates that the timing logic on the CPU сага is erroneous, 
i.e., the system clock frequency is absent or incorrect, or an interrupt 
function on an added card has been misconfigured. First, eliminate added 
cards as a problem source, then refer to CPU card troubleshooting proce- 
dures in the System CPU Card Service Module if the cause has not been 
determined. 


+ + + ERROR: Invalid/No keyboard code received! + + + 


А message of this type indicates that the keyboard did not send the proper 
code at powerup to indicate proper functioning. The most likely cause 
is a disconnected keyboard. If this is not the case, refer to keyboard trou- 
bleshooting in the Keyboard Service Module. 


“ын” 
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+ + + DISK ERROR: Drive not ready! + + + 
ОГ 
+ + + DISK ERROR: Seek failure! + + + 


messages usually occur when inability to boot up an operating system 
is encountered, such as when no disk is in the drive or the drive door 
5 open. 


+++ DISK ERROR: Bad disk controller! + + + 
ОГ 
+ + + DISK ERROR: DMA overrun error! + + + 


Errors of this nature usually indicate a malfunction of the disk controller 
card, but also may be forced by other defective cards in the system. | 
nonstandard cards have been installed, remove them and power up again, 
reinserting the cards one at a time until the error reappears. Then take 
corrective action on the last card installed. | the error is present with 
all nonstandard cards, remove and replace the disk controller card. 


+ + + DISK ERROR: Sector not found! + + + 

ОГ 

+ + + DISK ERROR: CRC error! +++ 

ОГ 

+ + + DISK ERROR: Invalid address mark detected! + + + 


These error messages normally indicate a defective drive, or an operating 
system was not found on the selected drive. First, try a different disk. 
If this error occurs often, it may be necessary to perform the alignment 
procedures for the affected drive, or take remedial steps to make sure 
the disk controller card functions properly. 
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No Error Message 


A malfunction may occur that prevents an error message from being dis- 
played. In cases of this type, it is best to first seek overt physical reasons 
for the malfunction, such as smoke, unusual heat and odors, or audible 
symptoms such as popping, sizzling, or crackling sounds. If none of these 
symptoms are in evidence, the computer cover should be removed, and 
the power supply LEDs on the backplane board inspected to see if any 
of the supply voltages are absent. Weak or extinguished LEDs may indi- 
cate that the associated voltage is nonexistent, low, or that excessive 
DC ripple is present on the supply line. 


Refer to the troubleshooting section of the Power Supply Service Module 
if the +12, —12, +5 VDC, or the PSG LEDs appear abnormal, and to 
the troubleshooting section of the Backplane Board Service Module if the 
—5 VDC LED appears abnormal. The —5 VDC is derived from the — 12 
VDC, so if both of these LEDs appear abnormal, the power supply would 
be the logical starting point for fault isolation. 
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Menu-Selected Tests 


In addition to the automatic checks, several keyboard-selected tests may 
be performed by calling up the test menu. Type the word TEST and then 
press the RETURN key at the system prompt arrow indication. The follow- 
ing menu will appear on the screen: 


CHOOSE ONE OF THE FOLLOWING: 


DISK READ TEST 
KEYBOARD TEST 
MEMORY TEST 

. POWER-UP TEST 
EXIT 


сл Оз N ға 


ENTER YOUR CHOICE: 


Select one of the desired test sequences by number. The main advantage 
of testing in this fashion is that these sequences will run continuously 
until ESC is pressed by the operator, or an error is encountered. This 
makes the routines extremely useful in the event a malfunction is intermit- 
tent, time-dependent, or a result of heat buildup. An onscreen count is 
displayed to keep track of the number of times the particular test is run. 
The possible error messages are the same as those described under 
Automatic Power-Up Checks. 


After a test is selected, a second screen appears, with the test name 
at top-left, the message TYPE Esc ТО ABoRT at bottom-left, and the test count 
at approximately center-screen. If the test is aborted, the message TYPE 
ESC TO EXIT appears at bottom-left. Pressing the ESC key returns you to 
the test menu. If the test is aborted by an error, an error message appears 
underneath the test name, and the message түрк Esc то кхтт appears at 
bottom-left. 


If an error message appears, you should refer to the troubleshooting sec- 
tion of the service module for the card associated with the error, or take 
whatever other action seems appropriate. 
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Using the ROM-Based Debugging Routines 


Another excellent means of fault isolation is to use the built-in program 
debug features of the computer. While these routines are primarily de- 
signed for finding and clearing errors in programs, some of the commands 
and features provide an efficient means of narrowing the field of search 
in difficult fault-isolation situations. Use of these aids assumes a knowl- 
edge of programming the 8088 microprocessor at the assembly level, and 
an understanding of terminology associated with this level of programming, 
such as Чад”, "register", "pointer", "bit", "byte", etc. 


The commands and features of the debugging package comprise a sub- 
stantial subset of the Microsoft? DEBUG utility supplied with MS-DOS. 
Among the more useful utilities included are the abilities to: 


Boot an operating system from a disk drive; 
Change video and scrolling modes; 
Display the contents of memory; 

Input or output values to or from I/O ports; 
Search memory for a byte pattern; 

Execute a program; 

Single step a program; 

Set program breakpoints. 


NOTE: Because of the interrupt-driven nature of the keyboard, user-written 
programs must incorporate commands to enable interrupts, or the key- 
board information will not be recognized by the 8088 microprocessor. Pro- 
grams performing 1/О through the ROM-ware should meet this require- 
ment, as the ROM routines automatically enable interrupts for short 
periods of time. 


®Microsoft is a registered trademark of Microsoft Corporation. 
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In the descriptions of the commands which follow, certain shorthand nota- 
tions are used to indicate specific syntax requirements. The braces, brack- 
ets, and bars do not actually appear in the commands, but delimiters, 
such as commas, spaces, and colons which appear within these symbols, 
may appear in the commands. 


Items in brackets — [item] — are optional. 


Items in braces, separated by vertical bars — {рос | сат | ртт} — represent 
choices. One, and only one, choice may be specified. 


Items in lower case italics — parameter — are mandatory, and may take 
one of these two forms. If the item is uppercase, it represents a specific 
key to be pressed. If the item is lowercase, it means the user must specify 
a parameter or group of parameters. Examples: 


RETURN — press the specified key (in this case, the RETURN key). 


port — you specify the port address. 


Items followed by an ellipsis — ... — means that several items of the same 
type may be specified. Example: 


string iS: “CHARACTER|CHARACTER]...” 


would define a character string composed of one or more specified charac- 
ters. 
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Command Summary 


To use the debug routines, the system prompt arrow must be displayed, 
which means the disk operating system either must not be booted up, 
or you must exit the operating system. The following commands will then 
be available. 


? RETURN 
where RETURN is the RETURN key. This is the help command. It displays 
a list of commands, including a syntax diagram, and usage examples. 


B[drive] [:part] RETURN 


where drive іѕ: {0 | 1|2|3)|)) 
and part is any number up to 7. 
and RETURN is the RETURN key. The command summary reads the operat- 
ing system boot code from disk and executes it. If an error is detected, 
an error message is displayed (see error message information in preceding 
text). The default drive is drive O. 


Example: вз RETURN Would boot from drive 3. 


C RETURN 
Displays color bar chart for video monitor alignment. 
where RETURN is the RETURN key. 


D address [(Llength | , of fset}] 


where length is a hexadecimal number between 0000 and БЕБЕ. 
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Displays the contents of a block or portion of memory in hexadecimal 
and ASCII. If the ASCII value represents a nonprinting character, an ASCII 
period (.) is displayed. If Jength is specified, the display will consist of 
length number of bytes. 


Example 1: р1234:5678 1200 would display, in hexadecimal (hex) and ASCII, 
the contents of 200 (hexadecimal) locations starting at memory address 
179B8. 


Example 2: 03312: 0, 13€ would display the contents starting at memory ad- 
dress 33120 and ending at address 3325E. 


E address RETURN 
then 4 SPACE | number |... | RETURN ) 


Examines and/or changes the contents of a memory location. Displays 
the value of a memory-byte and requests user input. If a “-” is entered, 
the contents of the previous memory location is shown, and if a space 
is used, the next byte is displayed. If instead of the hyphen or space, 
a hex number from OO to FF is entered, this value will replace the contents 
at address. 


Example: ко:100 interrogates memory address 100. 


F range, list RETURN 


where 1ist iS: (number | string) [ number | string]... 
string 15: "character [character]..." 


and character is any printing character from keyboard 


Fill specified range of memory with data contained іп list. Data is recircu- 
lated until specified range is filled. 


Example: ғ1800:0, 3FFF, 05, 04, 03, 02, 01, "Ignition!" would fill ЗЕЕЕ 
memory locations with data 5, 4, 3, 2, 1 "Ignition", starting at address 
18000. 
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G [address] [,breakpoint]... RETURN 


where breakpoint is an offset from the 8088 CS register, in the range 0000 
to FFFF. 


The “Со” command initiates program execution with up to eight break- 
points. When a breakpoint is encountered, the routine saves the processor 
status for the "R" and "G" commands and displays the 8088 microproces- 
sor register contents. 


Example: с 5000:3acD executes а user-program beginning at 53ACD. 


H offset, offset RETURN 


performs hex arithmetic on the two offset values. Returns the sum and 
difference. 


Example: н 43c7,99FA would return DDC1 for the sum, and 5633 for the 
difference. 


I port RETURN 


where port is a value between 000 and ЗЕЕ, returns the contents of the 
specified port. 


Example: 1 зЕк would return the contents of input port 3FE. 
M range, address RETURN 


moves the block of memory specified by range to the destination adaress. 
The move is implemented in a fashion which prevents overlapping moves 
from overwriting other data. 


Example: M 3219:FEDC, FFFF, 3905:0 moves FFFF bytes of data from 4206C 
to 39050. 
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0 port, value RETURN 


where value is a number between 00 and FF, writes a value to the specified 
port address. 


Example: o 3, FB would write the value FB to output port 3. 


R [register name] RETURN 


where register name is one of the following valid 8088 microprocessor regis- 
ter names: AX, BX, CX, DX, SI, DI, BP, SP, SS, CS, DS, ES, IP, PC, 
or FL. IP and PC both refer to the instruction pointer. The instruction 
pointer examines or modifies the specified register, depending on the form 
of the command. If no register is specified, all register contents are dis- 
played. If a single register is specified, the contents of that register are 
displayed and the user prompted for input. If a valid hex number is entered, 
the specified register's contents are changed to that value. 


The FL (flag) register contents are not displayed in hex, but as a two- 


letter abbreviation representing the specific flag's condition, as defined 
in Table 5.2. 


Table 5.2. Flag Register Messages 


FLAG ON OFF 

Overflow OV (overflow) NV (no overflow) 
Direction DN (down) UP (up) 
Interrupts Е! (enabled) DI (disabled) 
Sign NG (negative) PL (plus) 

Zero ZR (zero) NZ (not zero) 
Auxiliary Carry AC (carry) NA (no carry) 
Parity PE (even) PO (odd) 


Carry CY (carry) NC (no carry) 
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To change a given flag register, any of the abbreviations may be entered 
atthe "кв" user-input prompt. For example, entering "ме Ро" would set the 
sign flag and reset the parity flag. If more than one abbreviation is entered 
for the same flag, the flag condition will conform to the last entry. 


S range, list RETURN 


searches the specified range for a string composed of list. 
Each time the string is found, the starting address of the string is displayed. 


Example: s 2400:15, 8CD, "Alpha" would scan 8CD bytes of memory begin- 
ning at 24015 for the string Alpha. 


T [address] [,value] RETURN 

traces a user program. Single steps through the program beginning at 
address, displays the 8088 microprocessor register contents as each in- 
Struction is executed. value determines how many times to execute before 
returning control to the user. Default is one execution. The default address 
is the current address. 


TEST RETURN 


performs extended diagnostics. This command results in the menu display 
covered under Menu-Selected Tests, discussed earlier in this chapter. 


U range 


disassembles program in range. 


V {М video mode | S scroll тоде) 


is used to set the current video mode or scroll mode. Table 5.3 shows 
the various video modes obtainable with the V M command. 
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Table 5.3. Video Mode Selection 


CODE MODE 


40 columns x 25 rows (monochrome). 

40 columns x 25 rows (color). 

80 columns x 25 rows (monochrome). 

80 columns x 25 rows (color). 

320 x 200 resolution graphics (color). Text in 40 x 25. 

320 x 200 resolution graphics (monochrome). Text in 40 x 25. 
640 x 200 resolution graphics (monochrome). Text in 80 x 25. 
IBM monochrome board. 


ч O) Q + Q N — O 


Example: v M6 would select high resolution graphics. 


Table 5.4 indicates the scroll modes obtainable with the V S command. 
The scroll mode determines the manner in which information on the screen 
is handled once the screen is full. 


Table 5.4. Scrolling Mode Selection 
CODE SCROLL MODE 
0 Software (compatible) scroll mode. Information is scrolled by actually moving 


Screen memory contents. It also is the default scrolling mode, as some applica- 
tions packages may not function using the other modes. 


— 


Hardware (jump) scrolling. This mode, though incompatible with some applica- 
tions packages, is faster than the software mode. May be used only when 
in 80 x 25 ог the graphics video modes. 


2 Smooth scrolling. Usable only in 40 x 200 graphics mode. Moves characters 


upward in small segments, resulting in a more pleasing and readable display. 


Example: v s1 selects hardware (jump) scrolling. 
V мв S2 Selects high resolution graphics with smooth scrolling. 
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Special Keys 


Table 5.5 defines the keyboard keys and associated functions recognized 
by the monitor ROM. These keys permit certain editing operations, and 
control the format of the screen display. 


Table 5.5. Special Keys 


KEY 


BACK SPACE 


RETURN 

, or Space 
SCROLL LCK or 
CTRL S 

CTRL NUM LCK 


CTRL SCROLL LCK 
or CTRLC 


CTRL ALT DEL 


CTRL ALT INS 


FUNCTION 


Press to correct typographical errors prior to command line execu- 
tion (i.e. before RETURN is pressed). Backs up and deletes one 
character each time pressed. 


Executes the command line. 


Used as delimiters interchangeably between elements of a com- 
mand. 


Pause screen output until depressed a second time. 


Halts computer operation until any other key is pressed. 


Terminates any executing command and returns control to user. 


A three-key combination which results in a power-on reset. System 
reinitializes and power-up diagnostics are performed. 


A three-key sequence used to interrupt execution of a program, 
or return to the monitor ROM, usually during the debugging proc- 
ess. The keyboard-activated equivalent of a program break point. 
User may then modify or examine 8088 microprocessor registers, 
/О ports, or memory contents. To restart program execution at 
the point interrupted, the G command is entered, without address. 


Chapter 6 
Reassembly 


Introduction 


This chapter provides the reassembly information for the Z-150 Computer. 
Refer to Figure 6.1 (or Figure 6.2 for alternate configuration) while reas- 
sembling the computer. 


WARNING: Be sure the power switch is OFF and the line cord is removed 
before beginning reassembly procedures. 


CAUTION: Integrated circuits (ICs) are electrostatic-sensitive devices 
(ESD). These devices can be damaged by static electricity. 


Reassembly Procedures 


Speaker Reassembly (145) 


e Install speaker (145) into grommet (140). 

e Route LED cable (125) through grommet (135). 

e Install retaining board (165) with four screws (170). 

e Install front cover (105) by pressing forward until retaining pins (115) 
latch. 

е Secure front cover (105) with three screws (130). 

e Connect speaker/LED connector to the system CPU card (35). 

e Install shipping bracket (166) (if needed)and secure with two screws 
(25). 

e Install optional Winchester controller card (200) and secure with 
screw (25). 

e Connect cable assemblies (205 and 210) to Winchester controller 

card (200). 

Install optional cards and secure with screw (25). 

Install memory card (40) and secure with screw (25). 

Install card guide (160) and screw (170) (if previously removed). 

Install top cover (5) and secure with seven screws (10). 
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2-150 Reassembly View 


Figure 6.1. 
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Z-150 Reassembly View 


Figure 6.2. 


(Alternate Configuration) 
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Disk Drive Reassembly (85) 


NOTE: If a Winchester drive is to be installed, the vented cover (100) 
must be routed through the disk drive chassis (75) and installed. 


Install the selected disk drive(s) into the disk drive chassis (75) and 
secure with four screws (90). 

Install disk drive chassis (75) and secure with six hex lock nuts (55). 
Connect cable assemblies (205 and 210) to Winchester drive if in- 
stalled. 

Connect cable assembly (180). 

Install power supply (50) and connect the power cables to the disk 
drives (85) and backplane board (45). 


Secure the power supply (50) with two screws (65) and four hex 
lock nuts (55). 


Install card guide (160) and screw (170) (if previously removed). 
Install top cover (5) and secure with seven screws (10). 


Disk Drive Chassis Reassembly (75) 


Install disk drive chassis (75) and secure with six hex lock nuts (55). 
Connect cable assemblies (205 and 210) to Winchester drive if in- 
stalled. 

Connect cable assembly (180). 

Install power supply (50) and connect the power cables to the disk 
drives (85) and backplane board (45). 

Secure the power supply (50) with two screws (65) and four hex 
lock nuts (55). 

Install card guide (160) and screw (170) (if previously removed). 
Install top cover (5) and secure with seven screws (10). 
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Power Supply Reassembly (50) 


NOTE: If a new power supply is to be installed, install two insulators (70) 
and J bracket (60). Secure the J bracket (60) with two screws (65). 


e Install power supply (50) and connect the power cables to the disk 
drives (85) and backplane board (45). 

e Secure the power supply (50) with two screws (65) and four hex 
lock nuts (55). 

e Install top cover (5) and secure with seven screws (10). 


Winchester Cable Assemblies Reassembly (205 and 210) 


e Connect cable assemblies (205 and 210) to the Winchester drive 
(85). 

e Install cable strap (215) and secure with two hex lock nuts (220). 

e Install Winchester controller card (200) and secure with screw (25). 

e Connect cable assemblies (205 and 210) to Winchester controller 

card (200). 

Install optional cards and secure with screw (25). 

Install memory card (40) and secure with screw (25). 

Install system CPU card (35) and secure with screw (25). 

Connect speaker/LED connector to the system CPU card (35). 

Install video/color/composite card (30) and secure with screw (25). 

Install floppy disk controller card (20) and secure with screw (25). 

Connect cable assembly (180) to floppy disk controller card (20). 

Install card guide (160) and screw (170) (if previously removed). 

Install top cover (5) and secure with seven screws (10). 
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Backplane Board Reassembly (45) 


Install backplane board (45) and secure with six screws (25). 

Install shipping bracket (166) (if needed)and secure with two screws 
(25). 

Install optional Winchester controller card (200) and secure with 
screw (25). 

Connect cable assemblies (205 and 210) to Winchester controller 
card (200). 

Install optional cards and secure with screw (25). 

Install memory card (40) and secure with screw (25). 

Install system CPU card (35) and secure with screw (25). 

Connect speaker/LED connector to the system CPU card (35). 

Install video/color/composite card (30) and secure with screw (25). 
Install floppy disk controller card (20) and secure with screw (25). 
Connect cable assembly (180) to floppy disk controller card (20). 
Install card guide (160) and screw (170) (if previously removed). 
Install top cover (5) and secure with seven screws (10). 


Optional Card Reassembly 


Install optional cards and secure with screw (25). 
Install card guide (160) and screw (170) (if previously removed). 
Install top cover (5) and secure with seven screws (10). 


Winchester Controller Card Reassembly (200) 


Install optional Winchester controller card (200) and secure with 
screw (25). 
Connect cable assemblies (205 and 210) to Winchester controller 
card (200). 


Install card guide (160) and screw (170) (if previously removed). 
Install top cover (5) and secure with seven screws (10). 
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Shipping Bracket Reassembly (166) 


e Install shipping bracket (166) (if needed)and secure with two screws 
(25). 

e Install card guide (160) and screw (170) (if previously removed). 

e Install top cover (5) and secure with seven screws (10). 


Memory Card Reassembly (40) 


e Install memory card (40) and secure with screw (25). 
e Install card guide (160) and screw (170) (if previously removed). 
e Install top cover (5) and secure with seven screws (10). 


System CPU Card Reassembly (35) 


Install system CPU card (35) and secure with screw (25). 
Connect speaker/LED connector to the system CPU card (35). 
Install card guide (160) and screw (170) (if previously removed). 
Install top cover (5) and secure with seven screws (10). 


Video/Color/Composite Card Reassembly (30) 


e Install video/color/composite сага (30) and secure with screw (25). 
e Install card guide (160) and screw (170) (if previously removed). 
e Install top cover (5) and secure with seven screws (10). 


Floppy Disk Controller Card Reassembly (20) 


Install floppy disk controller card (20) and secure with screw (25). 
Connect cable assembly (180) to floppy disk controller card (20). 
Install card guide (160) and screw (170) (if previously removed). 
Install top cover (5) and secure with seven screws (10). 


Top Cover Assembly Reassembly (5) 


e Install top cover (5) and secure with seven screws (10). 


ЇТЕМ 


NUMBER 


5 


25 


30 


35 


РАНТ 


NUMBER 


HE 90-1338-1 
Or 

HE 90-1338-2 

HE 250-1280 


HE 74-41 

HE 73-200 

HE 181-4647 
or 

HE 181-5325 


HE 250-1325 


HE 181-4937 
Or 

HE 181-5102 
Or 

HE 181-4894 
Or 

HE 181-5084 

HE 181-4646 
Or 

HE 181-5326 


Introduction 


Chapter 7 
Parts List 


This chapter includes an exploded view of the Z-150 Personal Computer 
and an accompanying parts list to assist in the identification of replacement 
parts. Adjacent to the exploded view item numbers on the parts list are 
the part number and description which must be supplied when ordering 
the replacement part. Refer to the appropriate card service module if a 


card component is to be replaced. 


Z-150 Computer Parts List 


The Z-150 Personal Computer is Part Number HE 181-4893-1. Refer to 
Figure 7.1 (or Figure 7.2 for alternate configuration) for identification of 


replacement parts. 


DESCRIPTION 


Cabinet top 


Screw, pan head Phillips, 

6-32 x .375” 

Insulator (early production runs) 
Insulator 

Floppy disk controller card 


Screw, pan head Phillips, 
6-32 x .250” 
Video/color/composite card 


System CPU card 


ITEM 
NUMBER 


40 


70 


75 


PART 
NUMBER 


HE 181-4648 
or 


HE 181-4931-1 


or 
HE 181-5304 
or 
HE181-5324 


HE 181-4656 
or 

HE 181-4936 

HE 234-434 

HE 252-756 


HE 204-2749 
HE 250-1264 


HE 73-199 


HE 200-1490 
HE 204-2757 


DESCRIPTION 


128K memory card 
192K memory card 
256K memory card 
320K memory card 


Backplane board 


Power supply 
Nut, hex lock, 
6-32 x .312” 
4 bracket 
Screw, slotted, 
6-32 x .375” 
Insulator 


Disk drive chassis 
Bracket, mounting support 
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87 


90 


95 
100 


105 


110 
115 
120 
125 
130 


135 
140 
145 
150 
155 


160 


PART 


NUMBER 


HE 150-163 


or 
HE 150-168 


or 
HE 150-192 


ог 
НЕ150-169 


НЕ 150-156 


ог 
НЕ 150-164 


НЕ 810-8 
or 
HE 250-1325 


HE 73-194 
HE 203-2203 


HE 203-2224 


HE 252-725 

HE 262-4 

HE 412-657 

HE 134-1363 

HE 250-1322 
or 

HE 250-1292 


HE 73-124 
HE 73-45 
HE 401-176 
HE 260-11 
HE 256-26 


HE 266-1222 
or 
HE 94-650 


DESCRIPTION 


5-1/4, half-height drive, 
Shugart (Z-207-7) 


5-1/4, half-height drive, 
Mitsubishi (Z-207-71) 


5-1/4, half-height drive, 
Matsushita (JA 551-2) 


5-1/4, half-height drive, 
Qume (142-A8) 


Optional Winchester, 
MiniScribe (Z-217-20) 


Optional Winchester, 
CMI (Z-217-21) 


Screw, metric 


Screw, 6-32 x .375” 
(Winchester option) 
Insulator 

Vented cover 
(Winchester option) 
Front panel 


Nut, insert 6-32 x .215” 
Pin, retaining 

LED 

Cable assembly 

Screw, pan head Phillips, 
6-BT x .625” 


Grommet 
Grommet 
Speaker 
Clip catch 
Rivet 


Guide (early production runs) 


Guide 


ITEM 


NUMBER 


165 


166 


167 
168 


170 


175 
180 
185 
190 
195 


200 


203 
205 


210 


215 
220 


225 
230 
400 
405 
410 
415 


PART 
NUMBER 


HE 204-2715 
HE 204-2777 
or 
HE 204-2802 
or 
HE 204-2856 
HE 261-41 

or 


HE 261-29 
HE 250-1307 


HE 204-2721 
HE 134-1416 


HE 200-1481-1 


HE 261-028 
HE 89-65 


HE 181-5062 
or 

131-5 

HE 444-284-1 

HE 134-1380 

HE 134-1381 


HE 267-25 


HE 260-708-81 


HE 260-708-82 


HE 134-1319 
HE 204-2760 
HE 73-39 

HE 203-2257 
HE 203-2211 


DESCRIPTION 


Board retainer 

(early production runs) 
Shipping bracket 
(early production runs) 


Shipping bracket 
(Winchester option) 
(early production runs) 


Shipping bracket 
(Winchester Option) 
Foot (early production runs) 


Foot 
Screw, 6-AB x .250” 


Bracket, blank 
Cable assembly 
Main chassis 
Foot 

Line cord 


Optional Winchester controller 
card 


ROM 
Cable assembly 
(Winchester option) 


Cable assembly 
(Winchester option) 

Cable strap (Winchester option) 
LED grommet 

(Winchester option) 

LED clip (Winchester option) 
Monochrome video cable 
Blank bracket 

Foam tape 

Top dummy panel 

Bottom dummy panel 
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Z-150 Exploded View 


Figure 7.1. 
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2-150 Exploded View 


Figure 7.2. 


(Alternate Configuration) 
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Chapter 1 
Introduction 


This service module describes the Z-160 Base Unit. Each subassembly 
installed in the base unit is divided into its own service module. Each 
module contains its own table of contents, and is complete within itself. 
For example, if you wish to configure the CPU card, you would refer to 
the System CPU Card Service Module. 


Service Equipment Required 


The following information is provided for proper servicing of the Z-160 
Portable Personal Computer. Use the recommended model numbers or 
equivalent substitutes. 


Test Equipment 

e  Oscilloscope—DC to 100 MHz, dual trace, triggered sweep. 

ө Logic Probe—DC to 20 MHz. Capable of detecting 10 ns single 
pulses, and indicating logic one, logic zeroes, and high impedance 
states. Heath Model IT-7410. 

e Digital Voltmeter—High impedance input, O to 1000 volts, O to 1 
megohm. Heath Model SM-2215. 

e Variable Power бирріу--0 to 120 VAC RMS, 3 amperes. 

е Low Capacitance Oscilloscope Probe—Input capacitance adjust- 
able from 15 pF to 50 pF, 4 ns rise time. Heath Model PKW-105. 

e Video Monitor—RGB color and monochrome composite wide band 


monitor. Zenith Model ZVM-135. 
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Tools 
The following hand tools or equivalent are required for servicing: 


Long-nose pliers 

Diagonal cutters 

1/4" blade slotted screwdriver 

#1 Phillips screwdriver 

#2 Phillips screwdriver 

Set of nut drivers 

Desoldering bulb 

Soldering iron, Heath Model GH-17A 

IC puller, Heath Part Numbers HE 490-111 and HE 490-189 


Miscellaneous Supplies 


e Solder, 60/40, Heath Part Number HE 331-13 
e  Desoldering braid, Heath Part Number HE 490-185 
e  Lint-free cloth 


Спарїег2 
Installation and Configuration 


This chapter provides information for installation of the Z-160 Portable 
Personal Computer. There is no configuration required for the base unit. 
Refer to the appropriate service module to configure the power supply, 
disk drives, and cards. 


Operating Environment 


The operating environment for the computer should not exceed the tem- 
perature and operating limits of — 4° to 140° F (— 20° to 60? C) and 10% 
to 8096 relative humidity. 
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Installation and Configuration 


Installation 


Place the computer on a sturdy table or desk, near a grounded power 
receptacle. If an extension cord must be used, be sure it is rated for 
a minimum of 15 amps. It is important that the air and fan vents are 
clear of obstructions which could inhibit proper air flow. Refer to Figure 
2.1 for the vent locations. 


Figure 2.1. 27-160 Vent Locations 
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Rear Chassis Plugs and Connectors 


Refer to Figure 2.2 and connect the appropriate plugs and connectors 
listed below. In addition to the plugs and connectors listed, there are four 
positions provided for optional cards. Refer to the appropriate service mod- 
ule for more detailed information. 

Power Supply 

WARNING: Be sure the power supply switch is in the OFF position. 


e Plug the computer line cord into the power supply receptacle. 


Floppy Disk Controller Card 

e Serial connector DTE #1 (the upper of the two connectors) provides 
the necessary RS-232 signals for connection to a serial printer or 
other device. 

e Optional serial connector DTE #2 (the lower of the two connectors) 
provides the necessary RS-232 signals for connection to a serial 
printer or other device. It is most commonly used for serial communi- 
cation. 


Video/Color/Composite Card 


e A phono jack connector provides the composite monochrome output 
signals for a video monitor. 


е А DB-9 "D" connector provides the RGB color output signals for а 
color video monitor. 


CPU Card 


e  Afive-pin "DIN" connector provides for connection of the keyboard. 
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Memory Card 


€ A parallel connector provides for connection to a Centronics-type 
parallel printer or other parallel input/output devices. 


Power On 


е Press the power switch located on the rear of the chassis to ON. 


SERIAL COMPOSITE KEYBOARD 
CONNECTOR VIDEO (DIN) 
DTE *1 OUT CONNECTOR 


FCC 
LABEL 


ON/OFF SERIAL RGB PARALLEL 
SWITCH CONNECTOR VIDEO CONNECTOR 
DTE *2 OUT 

(OPTIONAL) 


Figure 2.2. 7-160 Rear View 
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Bootup Procedures 


The floppy disk systems come from the factory set for autoboot drive 
0 (A), the left-most floppy disk drive. When power is turned on, the com- 
puter will automatically boot the system disk installed in drive A. If no 
disk is installed in the drive, the following error message will result: 


+ + + DISK ERROR: DRIVE NOT READY! +++ 


Autoboot can be defeated by pressing the ESC key. 


The computer is software reset by pressing the CTRL, ALT, and DEL 
keys simultaneously. Switching the computer off and then on generates 
a hard reset. 


The computer can be returned to the system monitor by pressing the 
CTRL, ALT, and INS keys simultaneously. 


The computer can be configured for no autoboot drive O (A) through the 
use of a switch on the CPU card (refer to the System CPU Card Service 
Module for the switch settings). When in this configuration, insert the sys- 
tem disk, type B, and press the RETURN key after receiving the prompt. 


To boot drive 1 (B), the right-most floppy disk drive, type B1, and press 
the RETURN key. 


Chapter 3 
Theory of Operation 


Introduction 


This chapter provides a brief theory of operation of the Z-160 Portable 
Personal Computer. If a more detailed theory of operation is desired, refer 
to the appropriate service module. 


Refer to the block diagram, Figure 3.1, as you read the following descrip- 
tion. The Z-160 Portable Personal Computer consists of the following 
blocks: 


Power Supply 

Backplane Board 

Keyboard 

Floppy Disk Controller Card 

Two 5-1/4" half-height drives 

CPU Card 

Video/Color/Composite Card 

Memory Card 

Video Driver Board/Video Deflection Board 
Four optional card slots 


Some of the options available are: 


e  Bit-Mapped Video Graphics Card 
е A second Memory Card 
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Figure 3.1. 
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2-160 Computer Block Diagram 
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System Block Descriptions 


Power Supply 


The power supply is an on-line, switching mode power supply. The power 
supply provides +12 VDC, —12 VDC, +5 МОС, and a power supply 
good (PSG*) signal to the backplane board, and voltages to the disk drives. 
The power supply is cooled by an internal fan and is protected from over- 
voltage, undervoltage, overcurrent, and overtemperature. This power sup- 
ply is not serviceable. 


Backplane Board 


The backplane board provides bus interfacing between all cards and the 
power supply. Five light-emitting diodes (LEDs) and a —5 VDC regulator 
are located on the board. The LEDs indicate the status of the power supply. 


Floppy Disk Controller Card 


The floppy disk controller card provides the necessary read/write and con- 
trol signals for the internal 5-1/4" disk drive(s). A connector is provided 
for up to two external disk drives (not supported at this time). The floppy 
disk controller card also contains a serial RS-232 (DTE) output port (a 
second port is optional). 


Disk Drives 


The currently approved internal 5-1/4" half-height drives are Shugart 
(Z-207-7), Mitsubishi (7-207-71), or Matsushita. These drives use 48-ТРІ 
double-sided, double-density disks. The list of approved drives may be 
expanded in the future. 
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CPU Card 


The CPU card uses an 8088 or 80C88 16-bit microprocessor with an 
option for an 8087 microprocessor. The CPU card controls the timing, 
addressing, and generation of control signals for the computer. The 
keyboard, speaker, and power-indicating LEDs all are interfaced to the 
CPU card. The CPU card contains six LEDs used as an aid in troubleshoot- 
ing. 


Keyboard 
The keyboard communicates serially with the computer under software 
(firmware) control. The keyboard outputs normal ASCII characters or spe- 


cial function codes. The keyboard control circuits contain an oscillator cir- 
cuit which provides for the bell and key click. 


Video/Color/Composite Card 


The video/color/composite card provides the IBM® PC-compatible com- 
posite monochrome or RGB color output signals to a monochrome ог 
color monitor. 


Memory Card 


A fully populated memory card contains 320K of RAM (five banks). As- 
sociated memory card circuitry provides parity checking and refresh cy- 
cles. A parallel output port is provided on this card. 


е [BM is a registered trademark of International Business Machines Corporation. 
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Video Deflection Board 

The video deflection board provides the vertical and horizontal deflection 
circuits and high voltages necessary for the CRT display. 

Video Driver Board 


The video driver board provides the video drive necessary for the CRT 
display. 


Options 
Options available for the computer are listed below. 


Memory 


An optional second memory card may be installed, providing the computer 
with a maximum of 640K of memory. The first memory card must be 
fully populated before the second memory card will be recognized, or 
the memory will not be differentiated. 


Bit-Mapped Video Graphics Card 


An optional bit-mapped video graphics card may be installed, providing 
high resolution bit-mapped graphics similar to those in the Z-100 family 
of computers. 


Chapter 4 
Disassembly 


This chapter contains disassembly information for the Z-160 Portable 
Personal Computer. Refer to Figures 4.1 and 4.2 while disassembling 
to the appropriate level. 


WARNING: Verify that the power switch is OFF and the line cord is discon- 
nected before beginning the disassembly procedures. 


CAUTION: Integrated circuits are electrostatic-sensitive devices. These 
devices can be damaged by static electricity. 


Disassembly Procedures 


Disk Drive Assembly Removal (322) 


Set the disk drive assembly to the open position. 

Push back on the front supports (375) of the assembly while pivoting 
it back to a vertical position. 

Disconnect two power connectors (390A and 390B) and one data 
cable with ground (395). 

With assembly held vertical to the base unit, lift it straight up and 
off. 


Floppy Disk Controller Card Removal (55) 


Remove disk drive assembly. 

Remove four screws (10) and lift off top cover (5) by sliding it back 
until the lip clears the front panel (115), and then lift straight up. 
Unplug the small connector from the front of the CPU card (70), 
and the internal video display cable from the video/color/composite 
card (65). 

Unplug the data cable (50) from the disk controller card (55), remove 
screw (60), and unplug the card from the backplane (85). 
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Video/Color/Composite Card Removal (65) 


е Remove disk drive assembly. 

е Remove four screws (10) and lift off top cover (5) by sliding it back 
until the lip clears the front panel (115), and then lift straight up. 

е Disconnect the internal video display cable and any external cables 
from the video/color/composite card (65). 

e Remove screw (60) and unplug the card from the backplane (85). 
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Figure 4.1. Disk Drive Assembly Removal 
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System CPU Card Removal (70) 


e Remove disk drive assembly. 

e Remove four screws (10) and lift off top cover (5) by sliding it back 
until the lip clears the front panel (115), and then lift straight up. 

e  Disconnect the external keyboard cable from the back of the CPU 
card (70). 

e Remove screw (60) and unplug the card from the backplane (85). 


Memory Card Removal (75) 


e Remove disk drive assembly. 

e Remove four screws (10) and lift off top cover (5) by sliding it back 
until the lip clears the front panel (115), and then lift straight up. 

e Disconnect any external cables connected to the memory сага (75). 

e Remove screw (60) and unplug the card from the backplane (85). 


Optional Card(s) Removal 


e Remove disk drive assembly. 

e Remove four screws (10) and lift off top cover (5) by sliding it back 
until the lip clears the front panel (115), and then lift straight up. 

e  Disconnect cable assemblies (if required). 

e Remove screw (60) and unplug the card from the backplane (85). 


Backplane Board Removal (85) 


e Remove disk drive assembly. 

e Remove four screws (10) and lift off top cover (5) by sliding it back 
until the lip clears the front panel (115), and then lift straight up. 

e  Disconnect cable assembly (50) from floppy disk controller card (55). 

e  Disconnect any external cables connected to the floppy disk controller 
card (55). 

e Remove screw (60) and unplug the card from the backplane (85). 

e Disconnect the internal video display cable and any external cables 
from the video/color/composite card (65). 

e Remove screw (60) and unplug the card from the backplane (85). 
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Disconnect the internal speaker cable and the external keyboard 
cable from the system CPU card (70). 

Remove screw (60) and unplug the card from the backplane (85). 
Disconnect any external cables connected to the memory card (75). 
Remove screw (60) and unplug the card from the backplane (85). 
Remove optional card(s), if installed. 

Disconnect power supply connector (954A). 

Remove six screws (90) and lift out the backplane board (85). 


Power Supply Removal (95) 


Remove disk drive assembly. 

Remove four screws (10) and lift off top cover (5) by sliding it back 
until the lip clears the front panel (115), and then lift straight up. 
Disconnect power supply cable. 

Disconnect disk drive power cable(s) (958 and 950). 

Remove two screws (90) from the rear and four hex nuts (100) from 
the bottom of the chassis. 

Remove power supply (95). 


NOTE: If a replacement power supply is to be installed, remove two screws 
(60), J bracket (105), and two foam strips (110). 


Disk Drive Removal 


Remove disk drive assembly. 

Lay the disk drive assembly bottom side up on a towel or other soft 
surface, and remove two screws (415) and four screws (330). 
Carefully lift the metal disk drive mounting plate (340) from the drive 
assembly cover (325). 

Unplug the power connector and the data cable from the desired 
disk drive. 

Turn the drive mounting plate over and set it down so that the top 
of the drive(s) is/are resting on your work surface. 

Remove the four screws (350) from the desired drive, and lift the 
mounting plate (340) from the drive. 
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Speaker Removal (260) 


e Remove disk drive assembly. 

Remove four screws (10) and lift off top cover (5) by sliding it back 
until the lip clears the front panel (115), and then lift straight up. 
Remove floppy disk controller card (55). 

Remove video/color/composite card (65). 

Remove system CPU card (70). 

Remove memory card (75). 

Remove optional card(s), if installed. 

Cut nylon ties holding the speaker cable to the chassis (3 places). 
Remove speaker (260) by gently rocking it out of the rubber grommet 
(270). 


CRT Removal (180) 


e Remove disk drive assembly. 

e Remove four screws (10) and lift off top cover (5) by sliding it back 
until the lip clears the front panel (115), and then lift straight up. 

e Remove two screws (225) and detach the handle by gently pulling 
the arms (220) away from the base unit. 

e Remove five screws (120) and pull off the front panel. Be careful 
not to pull the panel too far from the base unit or you may damage 
the cable going to the contrast potentiometer. 

e Discharge the CRT anode and remove the anode connector from 
the CRT (180). 

e Remove the video driver board (200C) from the rear of the CRT 
(180). 

e  Loosen the hex head screw on the yoke assembly (200B) and slide 
it from the neck of the CRT (180). 

e While supporting the CRT (180) with your hand, remove four screws 
(185), four washers (190), and CRT (180). 
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Video Driver/Video Deflection Boards 
Removal (200) 


NOTE: This is a hardwired assembly consisting of: 
Video Deflection Board (200A). 
CRT Yoke Assembly (200B). 
Video Driver Board (200C). 


ө Remove CRT (180) (see CRT Removal). 

Remove 10-position plug at rear of video deflection board (200A). 

e Remove two screws (90) and unplug the board from the two nylon 
retainers on its forward edge. 
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Figure 4.2. 2-160 Disassembly View 


Chapter 5 
Troubleshooting 


Introduction 


This computer contains a very powerful servicing aid in the form of diag- 
nostic and system check subroutines programmed permanently into the 
machine's read-only memory (ROM). 


These subroutines, in conjunction with the power supply diagnostic LEDs 
on the backplane board, and the system diagnostic LEDs on the CPU 
card, will test, and indicate relevant failures in a high percentage of the 
computer system circuitry. 


Also incorporated in the ROM code are provisions for loading (booting) 
an operating system, such as MS®-DOS, from any disk drive in your 
system. DIP switches on the CPU card may be positioned to implement 
an autoboot at powerup, or a keyboard-initiated manual boot at the 
operator's discretion. Refer to the configuration section of the System CPU 
Card Service Module for DIP switch setup instructions. 


NOTE: It also is recommended that the Z-100 PC Series Disk-Based Diag- 
nostics Package, Model CB-5063-13, be utilized in cases where the 
foregoing aids do not localize a problem. Details on the use of this utility 
are provided with the diagnostics package. 


® MS is a trademark of Microsoft Corporation. 
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ROM Diagnostics — General 


The ROM-based diagnostics are comprised basically of three types: 


е Automatic checks performed at powerup; 
€ User or serviceman-selected tests; and 
e Debugging routines to force specific operating conditions. 


Power-Up Checks 


The following hardware checks are automatically made when the computer 
is first turned on: 


Central processor unit (CPU) 

Read-only memory (ROM) 

User random access memory (RAM) (first and last 64K only) 
Interrupt control and timer circuits 

Parity RAM 

Keyboard microprocessor 


NOTE: These checks are made only after a system disk is booted. 


Disk drive ready 

Disk drive seek function 

Disk controller 

Disk direct memory access (DMA) overrun 
Disk sector 

Disk cyclic redundancy check (CRC) 

Disk address mark 
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User-Selected Tests 


In addition, the user/serviceman may menu-select the following test se- 
quences (refer to Menu-Selected Tests in this chapter). 


Disk read 
Keyboard 
Memory 
Power-up test 


Any of the test sequences will result in a test screen displaying the test 
name, number of passes made, and keyboard key sequence required 
to abort the test. In the event an error is encountered, the test also will 
abort and an error message will be displayed. Refer to the Automatic 
Power-Up Checks/Screen Error Messages section of this chapter for a 
description of error messages. 


Unlike the memory test run by the automatic routines, which only tests 


the first and last 64K of RAM, the memory test selected here checks 
all the user RAM plus the 16K of video screen RAM. 


Diagnostic LEDs 


The LEDs on the backplane board and CPU card also are very useful 
for fault determination, and are described in the following material. 
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Backplane Board LEDs 


Банн 5.1 shows the component layout scheme for the backplane circuit 
oard. 


BACKPLANE BOARD 


Figure 5.1. Backplane Board LED Locations 


Refer to Figure 5.1 for the location of the LEDs which indicate power 
supply integrity, PSG, plus (--) and minus (—) 12 VDC, plus (+) 5 VDC 
from the power supply, and the minus (-) 5 VDC developed by the -5 
VDC regulator from the ( —)12 VDC input to the backplane board. 
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CPU Card LEDs 


Refer to Figure 5.2 to identity and locate the six LEDs located on the 
CPU card. Table 5.1 defines these LEDs in terms of the parameters tested. 


Figure 5.2. CPU Card LED Locations 
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Table 5.1. CPU Card LED Identification 


LED NAME FUNCTION TESTED. 


CPU Proper operation of the central processing unit on the CPU card. 
Lights if CPU is not responding properly. 


ROM Read-only memory. Lights if program ROM appears to be invalid. 

RAM Random access memory. Lights to indicate RAM is not storing 
information correctly. 

INT System clock check. Lights if clock is not running or running at 


incorrect frequency. Looks for an interrupt on powerup. 


DSK Disk controller. Extinguished when controller is reset. Lights if con- 
troller does not respond properly. Looks at drive A only; steps 
to track 30 and then to track 00. 


RDY Operating system boot indicator. Is on initially; goes out when rest 
of test routines are completed, the operating system is successfully 
booted from disk, and a DMA is begun. 


The LEDs are extinguished sequentially, from the front of the card to the 
rear, so that more than one indicator may be on at once in the event 
a parameter fails before the entire automatic sequence is completed. The 
illuminated LED closest to the front of the CPU card identifies the failed 
test. 
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Detailed Diagnostic Operation 


The following procedures define use of the various built-in diagnostic sub- 
routines in sufficient detail for service/bench level fault isolation. In general, 
the procedures are presented in the sequence most likely to be of use 
in the normal course of problem occurrence/method of correction. Use 
of this information assumes the computer was operating properly prior 
to the malfunction. 


Automatic Power-Up Checks/Screen Error Messages 


The following paragraphs describe possible screen error messages which 
may occur at powerup, and the corrective action necessary to resolve 
the problem. 


If the following messages appear, 
+ + + ERROR: CPU failure! + + + 

Or 

+ + + ERROR: ROM checksum failure! + + + 


the CPU card may be malfunctioning. The checksum message is а result 
of a mismatch between a predetermined value and a value derived from 
the contents of system ROM. Turn the machine off, then on again. If 
the same message reoccurs, refer to the troubleshooting messages in 
the System CPU Card Service Module. 
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+ + + ERROR: RAM failure! Address: XXXX:YYYY, Bit: М, Chip: ОХХХ +++ 

where ЏАХХ is the memory card and U3XX is the video card. 

ОГ 

+ + + ERROR: Parity hardware failure! Address: ХХХХ:ҮҮҮҮ, Bit: М, Chip: ОХХХ +++ 
ОГ 

+ + + ERROR: Parity failure! Address: XXXX:YYYY, Chip: ОХХХ + + + 


messages indicate a malfunction on the system memory card. If Zenith 
memory cards are installed, the chip number displayed defines which chip 
is at fault. The most probable reason for an error of these types is incorrect 
positioning, or malfunctioning, of the CPU DIP switches related to system 
memory size. However, if the computer was performing properly before 
the problem developed, switch positions probably are not at fault. 


Refer to the troubleshooting section in the Memory Cards Service Module. 
+ + + ERROR: Timer interrupt failure! + + + 


This message indicates that the timing logic on the CPU сага is erroneous, 
i.e., the system clock frequency is absent or incorrect, or an interrupt 
function on an added card has been misconfigured. First, eliminate added 
cards as a problem source, then refer to CPU card troubleshooting proce- 
dures in the System CPU Card Service Module if the cause has not been 
determined. 


+ + + ERROR: Invalid/No keyboard code received! + + + 


А message of this type indicates that the keyboard did not send the proper 
code at powerup to indicate proper functioning. The most likely cause 
is a disconnected keyboard. If this is not the case, refer to keyboard trou- 
bleshooting in the Keyboard Service Module. 
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+ + + DISK ERROR: Drive not ready! + + + 
ОГ 
+ + + DISK ERROR: Seek failure! + + + 


messages usually occur when inability to boot up an operating system 
is encountered, such as when no disk is in the drive or the drive door 
5 open. 


+ + + DISK ERROR: Bad disk controller! + + + 
ОГ 
+ + + DISK ERROR: DMA overrun error! + + + 


Errors of this nature usually indicate а malfunction of the disk controller 
card, but also may be forced by other defective cards in the system. |! 
nonstandard cards have been installed, remove them and power up again, 
reinserting the cards one at a time until the error reappears. Then take 
corrective action on the last card installed. If the error is present with 
all nonstandard cards, remove and replace the disk controller card. 


+ + + DISK ERROR: Sector not found! + + + 
or 

+ + + DISK ERROR: CRC error! + + + 

Or 


+ + + DISK ERROR: Invalid address mark detected! +++ 


These error messages normally indicate a defective drive, or an operating 
system was not found on the selected drive. First, try a different disk. 
If this error occurs often, it may be necessary to perform the alignment 
procedures for the affected drive, or take remedial steps to make sure 
the disk controller card functions properly. 
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No Error Message 


A malfunction may occur that prevents an error message from being dis- 
played. In cases of this type, it is best to first seek overt physical reasons 
for the malfunction, such as smoke, unusual heat and odors, or audible 
symptoms such as popping, sizzling, or crackling sounds. If none of these 
symptoms are in evidence, the computer cover should be removed, and 
the power supply LEDs on the backplane board inspected to see if any 
of the supply voltages are absent. Weak or extinguished LEDs may indi- 
cate that the associated voltage is nonexistent, low, or that excessive 
DC ripple is present on the supply line. 


Refer to the troubleshooting section of the Power Supply Service Module 
if the +12, - 12, +5 VDC, or the PSG LEDs appear abnormal, and to 
the troubleshooting section of the Backplane Board Service Module if the 
-5 VDC LED appears abnormal. The - 5 VDC is derived from the — 12 
VDC, so if both of these LEDs appear abnormal, the power supply would 
be the logical starting point for fault isolation. 
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Menu-Selected Tests 


In addition to the automatic checks, several keyboard-selected tests may 
be performed by calling up the test menu. Type the word TEST and then 
press the RETURN key at the system prompt arrow indication. The follow- 
ing menu will appear on the screen: 


CHOOSE ONE OF THE FOLLOWING: 


. DISK READ TEST 
KEYBOARD TEST 
. MEMORY TEST 
POWER-UP TEST 
EXIT 


л ы. бо ГӘ ға 


ENTER YOUR CHOICE: 


Select one of the desired test sequences by number. The main advantage 
of testing in this fashion is that these sequences will run continuously 
until ESC is pressed by the operator, or an error is encountered. This 
makes the routines extremely useful in the event a malfunction is intermit- 
tent, time-dependent, or a result of heat buildup. An onscreen count is 
displayed to keep track of the number of times the particular test is run. 
The possible error messages are the same as those described under 
Automatic Power-Up Checks. 


After a test is selected, a second screen appears, with the test name 
at top-left, the message түре Esc To ABORT at bottom-left, and the test count 
at approximately center-screen. If the test is aborted, the message түрк 
ESC TO EXIT appears at bottom-left. Pressing the ESC key returns you to 
the test menu. If the test is aborted by an error, an error message appears 
underneath the test name, and the message түре ESC TO EXIT appears at 
bottom-left. 


If an error message appears, you should refer to the troubleshooting sec- 
tion of the service module for the card associated with the error. 
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Using the ROM-Based Debugging Routines 


Another excellent means of fault isolation is to use the built-in program 
debug features of the computer. While these routines are primarily de- 
signed for finding and clearing errors in programs, some of the commands 
and features provide an efficient means of narrowing the field of search 
in difficult fault-isolation situations. Use of these aids assumes a knowl- 
edge of programming the 8088 microprocessor at the assembly level, and 
an understanding of terminology associated with this level of programming, 
such as "flag", "register", "pointer", "bit", "byte", etc. 


The commands and features of the debugging package comprise a sub- 
stantial subset of the Microsoft® DEBUG utility supplied with MS-DOS. 
Among the more useful utilities included are the abilities to: 


Boot an operating system from a disk drive; 
Change video and scrolling modes; 
Display the contents of memory; 

Input or output values to or from I/O ports; 
Search memory for a byte pattern; 

Execute a program; 

Single step a program; 

Set program breakpoints. 


NOTE: Because of the interrupt-driven nature of the keyboard, user-written 
programs must incorporate commands to enable interrupts, or the key- 
board information will not be recognized by the 8088 microprocessor. Pro- 
grams performing 1/О through the ROM-ware should meet this require- 
ment, as the ROM routines automatically enable interrupts for short 
periods of time. 


®Microsoft is a registered trademark of Microsoft Corporation. 
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In the descriptions of the commands which follow, certain shorthand nota- 
tions are used to indicate specific syntax requirements. The braces, brack- 
ets, and bars do not actually appear in the commands, but delimiters, 
such as commas, spaces, and colons which appear within these symbols, 
may appear in the commands. 


Items in brackets — [item] — are optional. 


Items in braces, separated by vertical bars — {ров | сат | кртт! — represent 
choices. One, and only one, choice may be specified. 


Items in lower case italics — parameter — are mandatory, and may take 
one of these two forms. If the item is uppercase, it represents a specific 
key to be pressed. If the item is lowercase, it means the user must specify 
a parameter or group of parameters. Examples: 


RETURN — press the specified key (in this case, the RETURN key). 


port — you specify the port address. 


Items followed by an ellipsis — ... — means that several items of the same 
type may be specified. Example: 


string 15: "CHARACTER[CHARACTER]..." 


would define a character string composed of one or more specified charac- 
ters. 
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Command Summary 


To use the debug routines, the system prompt arrow must be displayed, 
which means the disk operating system either must not be booted up, 
or you must exit the operating system. The following commands will then 
be available. 

? RETURN 

where RETURN is the RETURN key. This is the help command. It displays 
a list of commands, including a syntax diagram, and usage examples. 
B[drive] |: part] RETURN 


where drive is: (0| 1| 2|3|] 
and part is any number up to 7. 
and RETURN is the RETURN key. The command summary reads the operat- 
ing system boot code from disk and executes it. If an error is detected, 
an error message is displayed (see error message information in preceding 
text). The default drive is drive O. 


Example: вз RETURN Would boot from drive 3. 


C RETURN 

Displays color bar chart for video monitor alignment. 
where nETURN is the RETURN key. 

D address [{Llength | , offset} 


where length is a hexadecimal number between 0000 and FFFF. 
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Displays the contents of a block or portion of memory in hexadecimal 
and ASCII. If the ASCII value represents a nonprinting character, an ASCII 


period (.) is displayed. If length is specified, the display will consist of 
length number of bytes. 


Example 1: р1234:5678 L200 would display, in hexadecimal (hex) and ASCII, 
the contents of 200 (hexadecimal) locations starting at memory address 
179B8. 


Example 2: p3312:0,13E would display the contents starting at memory ad- 
dress 33120 and ending at address 3325E. 


E address RETURN 
then 4 SPACE | number |... | RETURN | 


Examines and/or changes the contents of a memory location. Displays 
the value of a memory-byte and requests user input. If a “-” is entered, 
the contents of the previous memory location is shown, and if a space 
is used, the next byte is displayed. If instead of the hyphen or space, 
a hex number from 00 to FF is entered, this value will replace the contents 
at address. 


Example: ко:100 interrogates memory address 100. 


F range, list RETURN 


where 1ist iS: (number | string) [ number | string]... 
string 15: "character [character]..." 


and character is any printing character from keyboard 


Fill specified range of memory with data contained in 1ist. Data is recircu- 
lated until specified range is filled. 


Example: F1800:0, 3FFF, 05, 04, 03, 02, 01, "Ignition!" would #1 ЗЕЕЕ 
memory locations with data 5, 4, 3, 2, 1 "Ignition", starting at address 
18000. 
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G [address] [,breakpoint]... RETURN 


where breakpoint is an offset from the 8088 CS register, in the range 0000 
to FFFF. 


The “Go” command initiates program execution with up to eight break- 
points. When a breakpoint is encountered, the routine saves the processor 
status for the "R" and "G" commands and displays the 8088 microproces- 
sor register contents. 


Example: с 5000: злср executes a user-program beginning at 53ACD. 


H offset,offset RETURN 


performs hex arithmetic on the two offset values. Returns the sum and 
difference. 


Example: н 43c7,99FA would return DDC1 for the sum, and 5633 for the 
difference. 


I port RETURN 


where port is a value between 000 and ЗЕЕ, returns the contents of the 
specified port. 


Example: т 3FE would return the contents of input port 3FE. 
M range, address RETURN 
moves the block of memory specified by range to the destination address. 


The move is implemented in a fashion which prevents overlapping moves 
from overwriting other data. 


Example: M 3219:FEDC, FFFF, 3905:0 moves FFFF bytes of data from 4206C 
to 39050. 


Page 5.17 


Troubleshooting 


0 port, value RETURN 


where value is a number between 00 and FF, writes a value to the specified 
port address. 


Example: o з, Ев would write the value FB to output port З. 
R [register name] RETURN 


where register папе is one of the following valid 8088 microprocessor regis- 
ter names: AX, BX, CX, DX, SI, DI, BP, SP, SS, CS, DS, ES, IP, PC, 
or FL. IP and РС Бой refer to the instruction pointer. The instruction 
pointer examines or modifies the specified register, depending on the form 
of the command. If no register is specified, all register contents are dis- 
played. If a single register is specified, the contents of that register are 
displayed and the user prompted for input. If a valid hex number is entered, 
the specified register's contents are changed to that value. 


The FL (flag) register contents are not displayed in hex, but as a two- 
letter abbreviation representing the specific flag's condition, as defined 
in Table 5.2. 


Table 5.2. Flag Register Messages 


FLAG ON OFF 

Overflow OV (overflow) NV (no overflow) 
Direction DN (down) UP (up) 
Interrupts Е! (enabled) DI (disabled) 
Sign NG (negative) PL (plus) 

Zero ZR (zero) NZ (not zero) 
Auxiliary Carry AC (carry) NA (no carry) 
Parity PE (even) PO (odd) 


Carry CY (carry) NC (no carry) 
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To change a given flag register, any of the abbreviations may be entered 
at the "в" user-input prompt. For example, entering 'NG Ро" would set the 
sign flag and reset the parity flag. If more than one abbreviation is entered 
for the same flag, the flag condition will conform to the last entry. 


S range, 1156 RETURN 


searches the specified range for a string composed of 1ist. 
Each time the string is found, the starting address of the string is displayed. 


Example: s 2400:15, 8CD, "Alpha" would scan 8CD bytes of memory begin- 
ning at 24015 for the string Alpha. 


T [address] [,value] RETURN 

traces a user program. Single steps through the program beginning at 
address, displays the 8088 microprocessor register contents as each in- 
struction is executed. value determines how many times to execute before 
returning control to the user. Default is one execution. The default address 
is the current address. 


TEST RETURN 


performs extended diagnostics. This command results in the menu display 
covered under Menu-Selected Tests, discussed earlier in this chapter. 


U range 


disassembles program in range. 


V (M video mode | S scroll mode) 


is used to set the current video mode or scroll mode. Table 5.3 shows 
the various video modes obtainable with the V M command. 
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Table 5.3. Video Mode Selection 


О 
О 
О 
m 


MODE 


40 columns x 25 rows (monochrome). 

40 columns x 25 rows (color). 

80 columns x 25 rows (monochrome). 

80 columns x 25 rows (color). 

320 x 200 resolution graphics (color). Text in 40 x 25. 

320 x 200 resolution graphics (monochrome). Text in 40 x 25. 
640 x 200 resolution graphics (monochrome). Text in 80 x 25. 
IBM monochrome board. 


мо ол > G) IN — © 


Example: v мв would select high resolution graphics. 
Table 5.4 indicates the scroll modes obtainable with the V S command. 


The scroll mode determines the manner in which information on the screen 
is handled once the screen is full. 


Table 5.4. Scrolling Mode Selection 


CODE SCROLL MODE 


e 


Software (compatible) scroll mode. Information is scrolled by actually moving 
screen memory contents. It also is the default scrolling mode, as some applica- 
tions packages may not function using the other modes. 


рч 


Hardware (jump) scrolling. This mode, though incompatible with some applica- 
tions packages, is faster than the software mode. May be used only when 
in 80 х 25 ог the graphics video modes. 


№ 


Smooth scrolling. Usable only т 40 x 200 graphics mode. Moves characters 
upward in small segments, resulting in a more pleasing and readable display. 


Example: v s1 selects hardware (jump) scrolling. 
v м6 52 Selects high resolution graphics with smooth scrolling. 


Page 5.20 


Troubleshooting 


Special Keys 


Table 5.5 defines the keyboard keys and associated functions recognized 
by the monitor ROM. These keys permit certain editing operations, and 
control the format of the screen display. 


Table 5.5. Special Keys 


KEY 


BACK SPACE 


RETURN 

, or Space 
SCROLL LCK or 
CTRLS 

CTRL МОМ (СК 


CTRL SCROLL (СК 
or CTRL C 


CTRL ALT DEL 


CTRL ALT INS 


FUNCTION 


Press to correct typographical errors prior to command line execu- 
tion (i.e. before RETURN is pressed). Backs up and deletes one 
character each time pressed. 


Executes the command line. 


Used as delimiters interchangeably between elements of a com- 
mand. 


Pause screen output until depressed a second time. 


Halts computer operation until any other key is pressed. 


Terminates any executing command and returns control to user. 


A three-key combination which results in a power-on reset. System 
reinitializes and power-up diagnostics are performed. 


A three-key sequence used to interrupt execution of a program, 
or return to the monitor ROM, usually during the debugging proc- 
ess. The keyboard-activated equivalent of a program break point. 
User may then modify or examine 8088 microprocessor registers, 
l/O ports, or memory contents. To restart program execution at 
the point interrupted, the G command is entered, without address. 


Chapter 6 
Reassembly 


This chapter contains assembly information for the Z-160 Portable 
Personal Computer. Refer to Figures 6.1 and 6.2 while reassembling the 
computer. 


WARNING: Verify that the power switch is OFF and the line cord is discon- 
nected before beginning the reassembly procedures. 


CAUTION: Integrated circuits are electrostatic-sensitive devices. These 
devices can be damaged by static electricity. 


Reassembly Procedures 


Video Driver/Video Deflection Boards/ 
CRT Yoke Installation (200) 


NOTE: This is a hardwired assembly consisting of: 
Video Deflection Board (200A). 
CRT Yoke Assembly (200В). 
Video Driver Board (200C). 


e Position the video deflection board (200A) so that the end with the 
10-position connector is toward the rear of the base unit, and secure 
it by snapping the two nylon posts into the front mounting holes and 
securing the rear with two screws (90). 

e Install the 10-position plug at the rear of the board and replace the 
CRT (180). 

e Install the top cover by carefully lowering it into the base unit while 
positioning the front lip under the edge of the front panel (115), and 
the bottom tabs inside the base unit. As you are lowering the top 
cover, route the disk drive power cables (95A and 95B) and the disk 
controller data cable (50) through the center slot at the back of the 
cover. Secure with four screws (10). 

e Install the disk drive assembly. 
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CRT Installation (180) 


CAUTION: The anode socket on the CRT may have a residual charge 
still on it. Be careful not to touch this connector while installing the CRT. 


e Install the CRT (180) into the chassis and secure with four screws 
(185), four washers (190), and the CRT grounding clip (195). Verify 
that the CRT grounding clip (195) is properly positioned against the 
CRT (180). 


NOTE: The yoke assembly (200B) may have to be slid onto the neck 
of the CRT while you are positioning the CRT in the chassis. 


e Slide the yoke assembly (200B) onto the neck of the CRT and secure 

it by gently tightening the clamping screw. 

Plug the video driver board (200C) onto the back of the CRT (180). 

Discharge the CRT anode and connect the high voltage lead. 

Install the front panel (115) with five screws (120). 

Install the handle with two screws (225), two washers (230), and 

two spacers (235). 

e Install the top cover by carefully lowering it onto the base unit while 
positioning the front lip under the edge of the front panel (115), and 
the bottom tabs inside the base unit. As you are lowering the top 
cover, route the disk drive power cables (95A and 95B) and the disk 
controller data cable (50) through the center slot at the back of the 
cover. Secure with four screws (10). 

e Install the disk drive assembly. 


Speaker Installation (260) 


e Install speaker (260) into grommet (355). 

Secure the speaker cable along the lower front chassis rail with nylon 
ties. 

Install any optional cards and secure with screw (60). 

Install memory card (75) and secure with screw (60). 

Install system CPU card (70) and secure with screw (60). 

Plug the speaker connector into the system CPU card (70). 

Install video/color/composite card (65) and secure with screw (60). 
Install floppy disk controller card (55) and secure with screw (60). 
Connect cable assembly (50) to the floppy disk controller card (55). 
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Reassembly 


Install the top cover by carefully lowering it onto the base unit while 
positioning the front lip under the edge of the front panel (115), and 
the bottom tabs inside the base unit. As you are lowering the top 
cover, route the disk drive power cables (95A and 95B) and the disk 
controller data cable (50) through the center slot at the back of the 
cover. Secure with four screws (10). 

Install the disk drive assembly. 


Disk Drive Installation 


Position the disk drive on your work surface so that the bottom side 
(the side opposite the drive logic board) is up. 

Position the drive mounting plate (340) so that the four holes on 
the disk drive line up with the desired four holes of the mounting 
plate. 

Secure the disk drive to the drive mounting plate with four screws 
(350), four washers (380), and four spacers (360). 

Turn over the drive mounting plate with the disk drive(s) mounted 
on it, and plug the data cable (395) and drive power extension cable 
(390) into the disk drive unit(s). 

Position the cables so they protrude through the center-most hole 
at the rear of the disk drive mounting plate. 

Position the drive assembly cover (325) upside down on your work 
surface, and lower the drive mounting plate with the disk drive(s) 
into the cover. 

secure the disk drive mounting plate to the cover with four screws 
(330), and two screws (415). 

Install the disk drive assembly onto the base unit. 


Power Supply Installation (95) 


Place the power supply (95) in position at the rear of the chassis, 
and secure with two screws (90) at the rear, and four hex nuts (100) 
in the base. 

Plug the power supply connector (95A) into the receptacle on the 
backplane (85). 

Install the top cover by carefully lowering it onto the base unit while 
positioning the front lip under the edge of the front panel (115), and 
the bottom tabs inside the base unit. As you are lowering the top 
cover, route the disk drive power cables (95A and 95B) and the disk 
controller data cable (50) through the center slot at the back of the 
cover. Secure with four screws (10). 

Install the disk drive assembly. 
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Reassembly 


Backplane Board Installation (85) 


Place the backplane board (85) in the chassis so that the end with 
the power connector is towards the power supply (95). 

Secure the backplane board with six screws (90), and plug the power 
supply connector (95A) into the backplane power receptacle. 

Install any optional cards and secure with screw (60). 

Install memory card (75) and secure with screw (60). 

Install system CPU card (70) and secure with screw (60). 

Plug the speaker connector into the system CPU card (70). 

Install video/color/composite card (65) and secure with screw (60). 
Install floppy disk controller card (55) and secure with screw (60). 
Connect cable assembly (50) to the floppy disk controller card (55). 
Install the top cover by carefully lowering it onto the base unit while 
positioning the front lip under the edge of the front panel (115), and 
the bottom tabs inside the base unit. As you are lowering the top 
cover, route the disk drive power cables (95A and 95B) and the disk 
controller data cable (50) through the center slot at the back of the 
cover. Secure with four screws (10). 

Install the disk drive assembly. 


Optional Card(s) Installation 


Install optional card(s) and secure with screw(s) (60). 

Install the top cover by carefully lowering it onto the base unit while 
positioning the front lip under the edge of the front panel (115), and 
the bottom tabs inside the base unit. As you are lowering the top 
cover, route the disk drive power cables (95A and 95B) and the disk 
controller data cable (50) through the center slot at the back of the 
cover. Secure with four screws (10). 

Install the disk drive assembly. 


Memory Card Installation (75) 


Install memory card (75) and secure with screw (60). 

Install the top cover by carefully lowering it onto the base unit while 
positioning the front lip under the edge of the front panel (115), and 
the bottom tabs inside the base unit. As you are lowering the top 
cover, route the disk drive power cables (95A and 95B) and the disk 
controller data cable (50) through the center slot at the back of the 
cover. Secure with four screws (10). 

Install the disk drive assembly. 
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Reassembly 


System CPU Card Installation (70) 


Install system CPU card (70) and secure with screw (60). 

Connect speaker cable to the system CPU card (70). 

Install the top cover by carefully lowering it onto the base unit while 
positioning the front lip under the edge of the front panel (115), and 
the bottom tabs inside the base unit. As you are lowering the top 
cover, route the disk drive power cables (95A and 95B) and the disk 
controller data cable (50) through the center slot at the back of the 
cover. Secure with four screws (10). 

Install the disk drive assembly. 


Video/Color/Composite Card Installation (65) 


Install video/color/composite card (65) and secure with screw (60). 
Install the top cover by carefully lowering it onto the base unit while 
positioning the front lip under the edge of the front panel (115), and 
the bottom tabs inside the base unit. As you are lowering the top 
cover, route the disk drive power cables (95A and 95B) and the disk 
controller data cable (50) through the center slot at the back of the 
cover. Secure with four screws (10). 

Install the disk drive assembly. 


Floppy Disk Controller Card Installation (55) 


Install floppy disk controller card and secure with screw (60). 

Connect cable assembly (50) to the front plug on the floppy disk 
controller card (55). 

Install the top cover by carefully lowering it onto the base unit while 
positioning the front lip under the edge of the front panel (115), and 
the bottom tabs inside the base unit. As you are lowering the top 
cover, route the disk drive power cables (95A and 95B) and the disk 
controller data cable (50) through the center slot at the back of the 
cover. Secure with four screws (10). 

Install the disk drive assembly. 
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Heassembly 


Disk Drive Assembly Installation 


While holding the disk drive assembly at a right angle to the base 
unit, lower the assembly onto the back of the base unit, engaging 
the hinges with the holes at the rear of the base unit. 

While supporting the unit in the vertical position, connect two power 
connectors (390A and 390B), one data cable (50), and one ground 
strap(b1). + 

Position the cables and the connectors so the disk drive assembly 
can be lowered down onto the base unit. 

While taking care not to pinch any of the cables at the rear of the 
unit, carefully pivot the disk drive assembly down onto the base. Push 
the front supports back as the drive is lowered to the operating posi- 
tion, and guide the ends of the front supports into the holes in the 
top of the base. 
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Figure 6.1. Disk Drive Assembly Installation 
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Figure 6.2. Z-160 Reassembly View 


ЇТЕМ 
NUMBER 


75 


ZDS 


PART 


NUMBER 


HE 92-840 
HE 250-1515 
HE 258-758 
HE 94-640 
HE 252-178 
HE 204-2800 
HE 250-1285 


HE 73-142 
HE 73-203 
HE 134-1325 
HE 181-4647 
HE 250-1325 


HE 181-4937 
HE 181-4646 
or | 


НЕ 181-5326 


НЕ 181-4648 
or 


HE 181-4931-1 


or 

HE 181-5304 
or 

HE 181-5324 


Introduction 


Chapter 7 
Parts List 


This chapter includes two exploded views of the Z-160 Portable Personal 
Computer and an accompanying parts list to assist in the identification 
of replacement parts. Adjacent to the exploded view item numbers on 
the parts list are the part number and description which must be supplied 
when ordering the replacement part. Refer to the appropriate card service 
module if a card component is to be replaced. 


Z-160 Computer Parts List 


The Z-160 Computer is Part Number HE 181-5150. Refer to the foldouts, 
at the end of this module for identification of replacement parts. 


DESCRIPTION 


Cabinet top 


Screw, oval, Phillips 6-C x .750" 


Spring spiral 

Disk door 

Nut, push on 

Bracket, board support 
Screw, panhead Phillips 
6-AB x .375" 

Foam 

Insulator 

Cable assembly, floppy disk 
Floppy disk controller card 
Screw, panhead, Phillips 
6-32 x .250" 
Video/color/composite card 
System CPU card 


System CPU card 
128K memory card 


192K memory card 
256K memory card 


320K memory card 


ITEM 
NUMBER 


80 
85 


175 
180 


190 


ZDS 
PART 
NUMBER 


HE 204-2721 
HE 181-4936 
HE 250-1280 


HE 234-434 
HE 252-756 
HE 204-2846 
HE 73-199 
HE 92-814 
HE 250-1310 
HE 255-823 
HE 462-330 
HE 10-1192 
HE 252-159 
HE 254-14 
HE 6-560-12 
HE 205-1924 
HE 301-2 

HE 250-1409 


HE 234-196 
HE 250-1264 
HE 354-45 


DESCRIPTION 


Bracket, blank 

Backplane board 

Screw, panhead, Phillips 
6-32 x .375" 

Power supply 

Nut, hex lock 6-32 x .312" 
Bracket, air blockage 
Insulator 

Cabinet front 

Screw, slotted 8-32 x .750" 
Spacer 

Knob 

Linear, control 500 Q 

Nut 

Washer 

Resistor, 56 О 

Рае 

Sheet, aluminum 

Screw, panhead, Phillips 4-BT 
x .375" 

CRT 

Screw, slotted 8-32 x .375" 
Washer, flat #8 
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Parts List 
ZDS ZDS 

ITEM PART ITEM PART 
NUMBER NUMBER DESCRIPTION NUMBER NUMBER DESCRIPTION 
195 080-02377 CRT ground clip 345 HE 150-163 5-1/4, 1/2-height drive, Shugart 
200 HE 181-5149 CRT video deflection/driver Or 

board assembly HE 150-168 5-1/4, 1/2-height drive, 
205 HE 92-821 Cabinet bottom Mitsubishi 
210 HE 252-760 Nut, hex locking Or 
215 HE 75-710 Insulator spacer HE 150-192 5-1/4, 1/2-height drive, 
220 HE 94-647 Handle end Matsushita (JA 551-2) 
225 HE 250-1505 Screw, Phillips 10-32 x .625" 350 HE 810-8 Screw, metric (Shugart drive) 
230 HE 253-98 Washer #10 or 
235 HE 255-825 Spacer HE 250-1280 Screw, 6-32 x .375 (Mitsubishi 
240 HE 253-86 Washer drive) 
245 HE 253-71 Washer, spring 355 HE 73-6 Grommet 
250 HE 211-93 Handle 360 HE 255-822 Spacer 
255 HE 250-1504 Screw 10-B x 1.000 365 HE 94-646 Storage box 
260 HE 401-176 Speaker 370 HE 258-761 Spring 
265 HE 134-1449 Speaker cable 375 HE 94-639 Latch arm 
270 HE 73-124 Grommet 380 HE 253-21 Washer #6 
275 HE 204-2761 Bracket, front 385 HE 258-757 Spring, expansion 
280 HE 74-41 Foam tape 390 HE 134-1476 Cable assembly, drive power 
285 HE 94-641 5-section card guide extension 
290 HE 94-642 3-section card guide 395 HE 134-1490 Cable assembly, disk drive 
295 HE 181-5148 Contrast cable data 
300 HE 252-758 Nut, grip 400 HE 181-4935 Keyboard 
305 HE 204-2762 Cover mounting bracket 405 HE 134-1397 Cable assembly, coiled 
310 HE 75-710 Insulator spacer keyboard 
315 HE 134-1455 Cable assembly (video) 410 HE 89-65 Line cord 
320 HE 200-1485-1 Chassis 415 HE 250-1431 Screw, flat Phillips 6-AB x .375 
325 HE 92-819 Top, disk drive 420 HE 432-1077 Ground connector, 2-terminal 
330 HE 250-1322 Screw 6-BT x .625" 425 HE 252-3 Nut, hex head 6-32 
335 HE 255-46 Hinge, half 430 HE 254-1 Washer, #6 internal tooth 
340 HE 207-71-1 Chassis, base 435 HE 181-5106-1 Resistor/cable assembly 

440 HE 92-815 Cover, front storage compartment 
445 HE 134-1460 Cable assembly, disk drive 
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2-160 Exploded View 


Figure 7.1. 


SERVICE MODULE 
Video Card 


Z-309A 


тн data 
systems 


The purpose of this page is to make sure that all service bulletins are 
entered in this manual. When a service bulletin is received, annotate the 
manual and list the information in the record below. 
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American Standard Code for Information Interchange 
Address 

Blue 

Character 

Central Processing Unit 
Cathode Ray Tube 
Cathode Ray Tube (monitor) Controller 
Digital-to-Analog 
Displayed 

Green or (buffer) Gate 
Hexadecimal 

Horizontal 

Intensity 

Integrated Circuit 
Input/Output 

Kilobyte 

Light-Emitting Diode 
Least-Significant Bit 
Maximum 

Megahertz 
Most-Significant Bit 
Programmable Array Logic 
Picofarad 

Picture Element 

Red 

Red, Green, Blue 

Random Access Memory 
Register 

Radio Frequency 
Read-Only Memory 
Read/Write 

Status 

Synchronization 
Transistor-Transistor Logic 
Microfarad 

Microhenry 

Vertical 

Exclusive OR 


Chapter 1 
Introduction and Specifications 


Introduction 


The Z-309A Video Card provides an interface between the computer and 
various display output devices, including a monochrome monitor and a 
color monitor. An optional light pen also may be interfaced through this 
card. The monochrome output is connected to an RCA phono jack, and 
the RGB, or color output, to a 9-pin D-type connector. Both connectors 
are located on the video card and project through the rear of the computer 
cabinet. The 309A Video Card also provides a connector for interconnect- 
ing an optional Z-100 Video Card. 


Following are features, functions, and capabilities of the 309A Video Card. 


Specifications 


e Addressing, and reading and writing to the 16K video RAM; 

e Foreground, background, and border color selection; 

e Mode selection (text mode or all-points-addressable graphics); 
e Alphanumeric and special character generation; 

е 7 ог 14 MHz video bandwidth, mode-dependent; 

е Monochrome and/or color (RGB) output; 


e Internal and external vertical, horizontal, and/or composite sync 
selection; 


е Light pen interface; 
€ — Cursor-type selection (block, line, blinking, etc.); 


e — ROM-basedor user-designed character font selection. 


Chapter 2 
Configuration 


Introduction 


This chapter describes the optional functions obtainable through position- 
ing the configuration jumpers located on the 309A Video Card. 


When using the following instructions, should it become necessary to ac- 
cess and/or remove the video card, refer to the base unit cabinet disas- 
sembly and video card removal and replacement procedures in the appro- 
priate Base Unit Service Module. 


CAUTION: This card contains electrostatic-sensitive devices (ESD). Exer- 
cise extreme care when handling these devices to prevent damage. 


Refer to Figure 2.1 for the location of the hardware jumpers mentioned 
in the following paragraphs. 
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Figure 2.1. Video Card Jumper Locations 


The eight programming jumpers located on your video interface card can 
be used to set initial power-up parameters: 


e  todrive different types of monitors; 
е configure proper input polarity from a light pen device; 
e  andselectthe desired character font. 
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Configuration 


Light Pen Polarity 


If a light pen with a positive-going pulse output is being used, position 
4301, the light pen jumper, to “+”. If the pen outputs a negative-going 
pulse, position J301 їо“ — ". 


Character Font Selection 


J302 and J305 are the character font selection jumpers. The condition 
of these jumpers is polled when you first turn on the computer, and will 
determine which of the character fonts to use. Position the jumpers to 
the “0” or “1” markings on the card corresponding to the desired font. 
The logic outlined in Table 2.1 determines font selection. 


Table2.1. Character Font Selection 


J305 J302 CHARACTER FONT 
0 0 Double-dot characters 
0 1 | Single-dot characters 
1 0 Underlined double-dot 


1 1 Underlined single-dot 
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Configuration 


Monitor Synchronization 


If an RGB monitor which requires composite (horizontal and vertical) sync 
is being used, position J304 to "C". If the monitor requires separate hori- 
zontal and vertical sync, position J304 to "V". 


Position J303 to the card markings corresponding to the horizontal sync 
polarity required by the internal monochrome monitor, positive “+” or 
negative " — ". 


Position J306 to the markings corresponding to the vertical sync polarity 
required by the internal monochrome monitor, positive “+” or negative 


[11 5 


Position J307 to the markings which correspond to the horizontal sync 
polarity required by the RGB monitor, positive “+” or negative “--". 


Position J308 to the markings which correspond to the vertical/composite 
sync polarity required by the RGB monitor, positive “+” or negative “ — ". 


СРО 
ADDRESS 


CPU 
DATA 
== CPU DATA þe 
BUFFER 


Chapter 3 
Basic Theory of Operation 


The following paragraphs detail the various functions and features of the 
Z-309A Video Card. 


Major Components 


Refer to Figure 3.1, the video interface block diagram, for the following 


descriptions. 
І/О AND 
VIDEO RAM 
DECODERS 
ADDRESS ADDRESS VIDEO DISPLAY AND SCRATCHPAD 
BUFFERS MUX RAM BUFFER (16K x 16BITS) 
TRANSPARENT 


<= VIDEO RAM ! = 
=> АМО LATCHES! = 
Ц 


CONTROLLER 
PALETTE/ 
BORDER 


SELECT 


Jj 


COLOR 
VIDEO 
ENCODER 


STATUS 
REGISTER 


TIMING 
AND TO ALL 


BLOCKS 


|. Mp ШИШЕ s MN 
ШЕ; SELECT 

IREGISTERS 

1 
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Figure3.1. Video Interface Block Diagram 
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CRT Controller 


A 6845 CRT controller integrated circuit (IC) provides the proper drive 
signals for a raster-scan type CRT. The device is highly programmable 
with regard to raster and character manipulation, and allows for the im- 
plementation of many display modes. 


Mode Select and Status Registers 


The mode select and status registers on the video card are general pur- 
pose programmable input/output (I/O) registers which determine mode of 
operation and color/levels of gray on the CRT display. 


Display Buffer 


The display buffer, which resides in addressable memory at location 
B8000, incorporates 16K-bytes of dynamic read/write memory. A dual- 
porting arrangement allows both the central processing unit (CPU) and 
CRT controller access to this buffer in all modes of operation. The CRT 
controller has a higher priority. 


Monitor RAM 


An additional 16K-bytes of RAM is contained on the video card and located 
at F0000 to F3FFF. This RAM is for use by monitor-driven software only, 
and should not be written to by the user. Strange and unpredictable results 
in the monitor formatting and displays may occur if data is inadvertently 
sent to this buffer. 
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Character Font ROM 


The ROM character generator on the video card, when in text mode, gen- 
erates characters from dot patterns stored in the ROM. Two character 
configurations are provided: a 7 x 7 double-dot and a 5 x 7 single-dot 
width character set. You may install the hardware jumpers supplied to 
enable either of the fonts at power up, and use 8088 input/output (1/О) 
OUT commands to program-select the fonts. 


Timing Generator 


The timing generator creates the timing signals for the 6845 CRT controller 
and the dynamic display memory. It also handles traffic control between 
the CPU and CRT controller for display buffer access. 


Color Video Encoder 


The color video encoder accepts the color and mode-select information 
along with appropriate timing and control signals, then generates color 
video dots information. This is sent to the video output circuitry for further 
processing. 


Video Output 


The video output circuitry routes the video information to the proper output 
connector. It sends color dots to an RGB connector, and generates levels 
of gray for a monochrome monitor. 
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Modes of Operation 


The Z-309A Video Card can be selected to operate in one of two major 
modes of operation: text mode or all-points-addressable graphics mode. 
Additional submodes are available within each mode for either color or 
monochrome display. 


Text Mode 


In text mode, the display formats in either a 40-column by 25-line submode, 
or in an 80-column by 25-line submode. In either submode, characters 
are formed in an 8 dot x 8 dot matrix. 


In either submode, characters only use a 7 x 7 portion of the dot matrix, 
with one line of descender for lowercase alphabetical characters. Both 
uppercase and lowercase characters are available in all modes. 


On a monochrome display, several features are available: reverse video; 
blinking; highlighting; and 16 levels of gray for foreground and background, 
on an individual character basis. On an RGB monitor, 16 foreground, back- 
ground, or border colors, blinking, and highlighting are available on a per- 
character basis. 


Using 40 x 25 resolution requires 1000 bytes for character information 
storage, and 1000 bytes for attribute or color information for one screen 
page of information. Since there are 16K-bytes of video memory, up to 
eight pages of screens can be stored in video memory; additionally, since 
all the video memory is directly addressable by the CPU, extreme flexibility 
in manipulation of screen contents is obtainable. 


Using 25 x 80 format, the same rules apply, but since there are twice 
as many characters per row at this resolution, 4000 bytes of video memory 
are required to store one screen. Hence, only four screens may be stored 
at one time. 
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Text Mode Display Architecture 


A two-byte character/attribute format is used to define each character dis- 
play position. These two bytes are mapped into assigned locations in the 
screen video RAM (this buffer is part of the video interface, not system 
memory). Table 3.1 shows the codes assigned to the particular character 
attribute desired for a monochrome display. The starting address (charac- 
ter byte) must be an even-numbered location. 


Table 3.4. Monochrome Character/Attribute Selection 


CHARACTER BYTE (M) ATTRIBUTE BYTE (M + 1) 
76543210 76543210 
Function 76543210 
Normal video ВООО!1 111 
Reverse video B1111000 
Non-display (black) В0001000 
Non-display (white) Ва 4 1 14 4 4 
Underline (normal) B1001111 


If B (bit 7) is logic one, foreground blinks. If | (bit 3) is logic one, foreground 
is intensified. 


Note that bits O through 2 and bits 4 through 6 are either all logic ones 
(white) or all logic zeroes (black), in monochrome submode. All other com- 
binations of these bits are used to obtain the desired foreground and back- 
ground colors on an RGB monitor, or levels of gray on a monochrome 
monitor. 
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Table 3.2 shows the attribute byte breakdown. As before, bits 7 and 3 
determine blink and intensity, respectively, of the foreground character. 


Table 3.2. Color Attribute Byte Logic 


BACKGROUND FOREGROUND 
COLOR 654 210 
Black 000 000 
Blue 001 001 
Сгееп 010 010 
Суап 011 011 
Red 100 100 
Magenta 1 0 1 10 1 
Brown 110 110 
Light Gray $33 12474 


Intensified brown is yellow. Intensified light gray is white. Intensified black is dark gray. 


Graphics Mode 


In graphics mode, two degrees of resolution are available: 320 x 200 
and 640 x 200. 640 x 200 resolution is obtainable only as a monochrome 
display, since the full 16 K-bytes of video memory is needed to define 
the ON or OFF states of a screenful of pixels (picture elements). If a 
color other than white is desired for the ON state of a given pixel, one 
of the 16 border colors may be selected. In the 320 x 200 resolution, 
each pixel may be one of four colors. This color may be one of the 16 
background colors or one of three other colors software-selected from 
the red/green/brown palette or the cyan/magenta/white palette. 
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Color (Medium Resolution) Graphics 


Pixel information is stored in video memory in two banks of 8000 bytes 
each, as shown in Figure 3.2, with address B8000 containing color selec- 
tion data for the pixels in the upper-left corner of the display area. Address- 
es B8000 to B9F3F contain information for pixels in even-numbered rows 
0 through 198, and addresses ВА000 to ВВЕЗЕ for odd-numbered rows 
1 through 199. 


B8000 
even scans (0,2,4,...,198) 
(8000 bytes) 
BOFSF 
BOFFF 
odd scans (1,3,5,..., 199) 
(8000 bytes) 
BBFSF 


Figure 3.2. Graphics Storage Map 
Each video memory byte contains color information for four pixels in two-bit 
pairs, as in the following format: 
г 6-5. 3 2- t 0 


Ck 60 | с бо | бї со | Gd GO 
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For a given pixel bit-pair composed of bits CO and C1, the following logic, 
Table 3.3, determines which color is selected from one of four colors: 
the current background color or one of the colors from the current palette. 


Table3.3. Color Select Logic 


C1 CO COLOR SELECT CODE 

0 0 Pixel becomes the current background color 
0 1 Pixel becomes color #1 of current palette 

1 0 Pixel becomes color #2 of current palette 

1 1 Pixel becomes color #3 of current palette 


The palettes are structured as follows: 


SET ONE SET TWO 
Color 1 — Cyan Color 1 — Green 
Color 2 — Magenta Color 2 — Red 
Color 3 — White Color 3 - Brown 


The possible background colors are the same eight basic colors used 
in low resolution graphics, plus the lighter shades of these colors which 
result when intensified, for a total of sixteen colors including black and 
white (see Table 3.2). 


In order to obtain the lighter (intensified) shades, the monitor being used 
must be capable of recognizing the 4” bit. 
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High Resolution (640 х 600) Graphics 


The high resolution graphics submode, as mentioned previously, may be 
implemented only in a monochrome format because of memory limitations. 
Addressing and mapping is the same as medium resolution, but formatting 
of the data is different. In this submode, each bit, as opposed to a bit-pair, 
represents a pixel on the screen as shown: 


Video memory byte 
7 6 5 4 3 2 1 0 
15 2nd Зза 4 5th eth 7th 8th 


pixel 


For detailed information on implementing the various modes and sub- 
modes, refer to the register descriptions in “Troubleshooting,” Chapter 5. 


Chapter 4 
Detailed Circuit Description 


General 


Before studying this material, it is suggested that you read Chapter 3, 
"Basic Theory of Operation," for an overall view of video card functions 
and operations. 


Refer to the video card schematic, and to the individual schematic break- 
downs in Chapter 9 for each of the following circuit descriptions. 


Bus Interface 


Refer to Figure 9.1 in "Foldouts," Chapter 9, which shows the manner 
in which system 1/О interfaces with the video card. U359, U360, 0361, 
and 0340 are buffers for the I/O signals used by the video card. The 
backplane edge connector, an integral part of the video card, provides 
these signals, as well as DO through D7, the data information, + 12 VDC, 
+5 VDC, and the ИО CHRDY (ready) signal which is applied to the video 
timing and control circuitry. 


After buffering, the 20 address lines, BAO through BA19, and BMW’, 
ВМА", ВОМУ, BIOR*, DACKO*, AEN, CLK, RESET“, and OSC are sent 
out to other portions of the video circuitry. 


U358 is a bidirectional data buffer which determines whether data is routed 
to the video card from the system bus, or to the 1/О channel data bus 
from the video card.Two sections of 0303, configured as negative-logic 
AND gates, and sections of U301 and U347, configured as negative-logic 
OR gates, determine the direction and enabled/disabled state of U358, 
in accordance with the states of the BMR*, BIOR*, AEN, VMEMSEL', 
ЗЕГЗОХ“, and IOAXS*" signals. 
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The G input of 0358 will be enabled if either UMEMSEL* ог SEL3DX* 
and IOAXS* are active-low. The direction of data travel is determined 
by the logic state on the DIR input. When BMR is low, the DIR line 
also is low and the data flows from the video card to the bus. If the G 
input is high, the buffer is isolated or tri-stated, and data does not transfer 
in either direction regardless of DIR state. 


+5 МОС is filtered, decoupled, and filtered again by C342, C341, C338, 
C337, C336, C335, C334, C333, and C301 through C332, before being 
used as operating power by the video board TTL devices. 


Video 1/О Ports 


The video 1/О ports, Figure 9.2, perform video mode selection and status 
transfer between the video card and the system in accordance with port- 
select signals routed from the video 1/О decoder circuits. 


Data lines DO through D7 provide the values for the various register opera- 
tions. 


Ports 3D8 and 3D9 are output (write) only registers. 3D8 acts as a mode- 
select register to configure the video interface for the desired operation. 
This register determines low, medium, or high resolution mode, mono- 
chrome or color, and enables or disables the video interface and character 
blink. Port 3D9 determines color palette in use and screen border color. 
It also selects intensified background colors. 


The port at ЗОА is either read or written to, determined by the condition 
of BIOW* or ВОВ“ signal. If BIOW* (write) is active-low, U357, the mode- 
select register, is written to. If BIOR* is active-low, the status register, 
0351, is read from. 


Refer to Chapter 5, "Troubleshooting," for details on these register func- 
tions. 


This video card uses two character fonts — font O and font 1 — and 
J302 and J304 should be positioned accordingly, as described in Chapter 
2, "Configuration." 
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CRT Controller, Buffers, and Latches 


Figure 9.3 details the main video control circuit and the character and 
attribute byte data latches and input buffers. 


U337 is the video card CRT controller IC. It uses the signals at its input 
to select and control desired parameters and video memory addresses. 


The input signals to the CRT controller are defined in Chapter 5, “Trouble- 
shooting." 


ВАЗ, the buffered address bit З signal, in conjunction with ЗЕГЗОХ, selects 
the CRT controller. BAO acts as the CRT controller register select signal. 


In addition to video memory addressing information, U337 supplies vertical 
and horizontal sync timing, character row information, and cursor and dis- 
play-enable status signals to appropriate circuitry on the video card. 


U356 апа U354 are the character code data latch and input buffer, respec- 
tively. DO through D7, representing the character code, are written onto 
the character data bus and into video RAM as CCDO through CCD7 when 
0354 is enabled by the write video RAM, WVRAM*, signal. 


The character code is read from video RAM as U356 receives an active- 
high CPU access, CPUAXS, signal and an active-low read video character 
code, RVCC'", signal. 


0355 and U353 are the attribute code data latch and input buffer, respec- 
tively. Following receipt of the character code, the next DO through D7 
byte representing the attribute code are driven onto the attribute data bus 
as АТОО through АТО? when U353 is enabled by WVRAM*. 


The attribute code is read from attribute memory as U355 receives the 
CPUAXS and read video attribute code, ВУАТ“, signals. 


Bytes always must be written in pairs, the first byte always representing 
the character code, and the second the attribute code. 
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Video RAM Address Multiplexers 


Figure 9.4 represents the address multiplexers used to interface to the 
video RAM. U315, U310, U316, and U336 use ADMUX as a bit-group 
select signal to form the two 8-bit (RAMO through ВАМУ) locations. Q3P 
and ОЗР” select either the bus (CPU) or CRT controller as the addressing 
device. 


Bits BAO through BA13 are the buffered CPU address lines, and MAO 
through MA13 the CRT controller lines. Arbitration is determined by Q3P 
and ОЗР”, which are alternately low and high. 


U336 is a programmable array logic (PAL) chip used as a quad 4-to-1 
decoder, which uses the PSEL, SA11, and SA12 signals to support scrol- 
ling operations in the different video modes. Chapter 7 contains the equa- 
tions which determine the logical functioning of this device. 


Video RAM, Data Latches, Serial Output 


Refer to Figure 9.5. 


0312 and 0308 form the video RAM for character code storage. U309 
and 0314 store attribute codes. There are 8 K-bytes of RAM available 
for character code storage, and 8 K-bytes for attribute code storage, result- 
ing in 16 K-bytes total for monitor screen information storage. 


Eight K-bytes of each bank are used as scratchpad RAM for ROM-based 
functions. 


To access a given memory location in the character RAM bank, the first 
8-bit address byte is latched off the RAMO-RAM7 bus when row-address 
select signal НАЗСС“, from the RAM controller, goes low and is retained 
as the row-address byte. A few nanoseconds later, the column-address 
select, CAS", signal goes low and the next 8-bit byte is fetched, to com- 
plete the cycle. The two bytes together determine the desired physical 
address. 


If WVRAM' is low, the 00-07 data is written into the banks. 
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The attribute memory banks function in much the same fashion, except 
that proper timing must be preserved between character and attribute data 
access. This is accomplished by using RASAT™ as the row-address select. 
The attribute data is retrieved off the ATDO-ATD7 data bus. 


Data is applied to U306, the character font ROM IC, and the value rep- 
resented used to select the desired character from the font. The dot pattern 
corresponding to this character code is then sent to U305, a text mode 
serializer, which takes the parallel data and translates it to a serial format. 
The output, a stream of coded character dots, is then sent to the dot 
synchronizer part of the timing and control circuitry. 


In graphics mode, even-numbered code bits are applied to U328, and 
odd-numbered bits to U348, to contribute to the forming of the serialized 
CO and C1 graphics information. 


Data on ATDO through ATD7, the attribute bus, is applied to U352, the 
attribute code latch, which picks off the attribute value and sends it to 
U327, another latch, to U348, which forms the C1 composite serial signal, 
and to U328, which forms the CO composite serial signal. 


U327, the additional attribute latch, is used to provide proper timing of 
the attribute bits, ATO to AT7, in text mode, before application to the color 
encoder circuitry. 


QO апа Q1* are applied to a negative-logic AND gate, part of U345, the 
output of which, along with Ф 1 апа CLR S/R’, becomes the S/L* CLK 
and CLR signals for the three graphic serializer ICs. 


U344, a D-type flip-flop, provides the proper blink attribute timing. It uses 
inputs composed of ATD7, Q1*, and HI-B on its D, CLK, and PR/CLR 
lines, respectively. 
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Video Timing and Control 


Figures 9.6 and 9.7 depict the video timing and control circuits. These 
circuits are responsible for insuring that the video functions occur when 
they should. 


Refer to Figure 9.6. The system OSC signal, which switches at a rate 
of 14.3 MHz, is the basic timing unit from which are derived the video 
timing signals. 


U331, a divide-by-two counter, derives the 7.15 MHz signal from the sys- 
tem OSC signal and applies it to U332, the RAM controller logic, and 
to part of U343 (Figure 9.7), the horizontal sync timing flip-flop. 


U332 is the RAM controller logic IC. The logic which dictates its operation 
is detailed in the PAL equations of Chapter 7. The XCLK signal on pin 
12 of this device is derived from either the system 14.3 MHz OSC signal 
or 7.15 MHz, depending on whether HRES (high resolution) is high or 
low. Two sections of 9307, exclusive ORs, then use the XCLK signal 
to clock the two timing flip-flops, U335 and U334. 


DCLK, the dot clock signal, is the output of an exclusive OR segment 
of U307, derived from the DOTS signal from U332. 


RASCC*, RASAT*, and СА5“ are used to select the memory row and 
column of the video RAM character and attribute banks. ADMUX enables 
the RAM address multiplexers. 


9335 and U334 are two quad D-type flip-flops wired as a multiple counter 
to provide the video clock timing pulses, ОО, Q1*, Q2*, ОЗР”, ООР”, and 
ОЗР. 
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Part of U302, U331, U330, and parts of U313 and U323 form the decision 
circuitry for CPU/CRT controller video memory access. VMEMSEL', the 
video memory select signal, after inversion by U302, is applied to the 
D input of U331, the CLR input of U330, and one input of NAND gate 
0323. As long as CPUAXS is active-high, 0330 Q* is low, and RDY is 
high. When BMW" goes active-low, and if 0331, ріп 6, Q* is low, WVRAM" 
goes active-low to enable data to enter video RAM. 


УМЕМ5Е!“, ВМА“, and BAO together arbitrate between a character ог 
attribute memory read operation, with BAO used to determine which bank 
to access. If BAO is high, the attribute code is read; if low, the character 
code is fetched. 


Refer to Figure 9.7, which shows the horizontal and vertical sync and 
timing, cursor and display enable, and the dot synchronization and blink 
control circuits. 


U326 is a PAL chip programmed as a video synchronizer. The logic equa- 
tions which dictate its operation are detailed in Chapter 7. Upon receipt 
of the proper input signals, U326 generates text dots (A/N DOTS), display 
enable delayed (DISPENDLY*, C1 DLY, and CO DLY) for use by the ВЛ 
dots color encoder, U325, and the R/G dots color encoder, U324, on Figure 
9.9. 


U343 is the horizontal sync and timing circuit. It is a binary counter config- 
ured to divide the 7.15 MHz signal by 32 to create a 4.76 usec horizontal 
sync pulse width. U321 acts as the horizontal start/stop control. Horizontal 
trace starts when U321 is clocked active and stops when HSYNC goes 
low to clear the flip-flop. The resulting output is applied to the D4 input 
of U333, and the Q4 output eventually becomes the delayed horizontal 
sync signal for the RGB monitor output. 
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VSYNC is applied to the D5 input of U333, to emerge from Q5 as the 
vertical (V) timing signal for the color encoders, and as one of the clock 
signals for the character and cursor blink generator, U322. 


CURSOR is inverted and applied to the DO input of 0333. QO is fed back 
to the D1 input and the resultant cursor output from Q1 is delayed by 
two character clocks. Cursor output from Q1 is applied to pin 2 of U326 
as the СОС“ (cursor delayed) signal. 


Display enable (DISPEN) is inverted by U302 and applied to pin 6, the 
D2 input of U333, and also goes to U351, the status register, as the 
DISPLAY* signal. The Q2 output of U333 is used as one possible signal 
source for the CLR S/R* signal, and also is fed back to 0333, 03. The 
ОЗ output emerges as the display enable delayed (DDLY") signal, and 
is supplied to the dot synchronizer and blink controller from which it 
emerges as DISPENDLY" for use by the color encoders. 


If neither VIDEO EN, nor VIDEO ON is active, the CLR S/R* signal also 
15 issued. 


VIDEO ON, VIDEO EN, and COMP SYNC are NORed together to create 
the BLANK" signal for the color encoding circuitry. 


9322 uses the V output of 0333 to create the cursor BLINK* and the 
character CBLINK* signals, and is configured to blink the cursor approxi- 
mately two times faster than characters. 


Other inputs to the sync decoder are ДАТЕ“, derived from the HI-A signal, 
DCLK, CDOTS, EBLINK, ATBLINK, Ф 1, 640 x 200, СО, and C1. 
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Memory and /О Decoders 


Figure 9.8 shows the circuitry for the video RAM and /О port address 
decoders. 


U362 is a PROM device programmed to act as a memory address de- 
coder. It uses ВА15, BA16, ВА17, ВА18, ВА19, and BA14 buffered ad- 
dress lines, and the negative-ORed BMR* and BMW" signal lines to make 
its selections. When signal conditions are correct, ОЗ emerges as the 
video memory select (VMEMSEL") signal, and O4 becomes XRAM, 
scratchpad RAM select. 


The read or write decision is made by U321, using system CLK, HI-B, 
and BIOW* as inputs. Тһе R/W* signal produced is the CRT controller 
read/write timing signal. 


The CRT controller enabling clock (ECLK) signal is produced by U344 
based on the input states of CLK, HI-B, BIOW*, and BIOR*. BIOW* and 
ВОВ" are negative-ORed and inverted before application to the CLR and 
D inputs of the flip-flop. The ORed output, before inversion, becomes the 
data buffer enable signal, IOAXS* (I/O access), for 0303 on Figure 9.1, 
and also is used as a gate-enable input signal бу I/O decoder 0329. 


Part of U301, U317, and U329 comprise the video 1О port address decod- 
ers. BA9 and ВА8 are ANDed to become the gate 1, G1, signal for U317. 
ВА5 is G2B and AEN is G2A. BA4, BA6, and BA7 are the actual address 
selection lines, A, B, and C, for U317. When the status of these signals 
indicates a valid video 1/О port address, the Y7 output becomes the G2B 
enable for U329. U329 then uses BAO, ВАТ, BA2, and ВАЗ to determine 
the actual video port address. Y7 of 0317 also is the SELSDX" signal 
used by the CRT controller and bidirectional data bus for /О read/write 
decisions. 


U330 and two U304 inverters form the interface for an optional light pen. 
P302, а 6-ріп terminal strip, supplies +5 VDC, +12 VDC, and ground 
to the device. The light pen switch connects to pin З to become the | РОМИ“ 
signal. 
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The light pen output connects to pin 9 of the strip, is inverted, applied 
to pin 3 of J302 (the light pen polarity select jumper), is inverted again, 
and routed to pin 1. In this manner, when a female jumper connector 
is placed between pins 2 and 3, or between pins 2 and 1, either a negative- 
or a positive-going light pen pulse is seen by the CLK line of flip-flop 
U330. 


A decoupled +5 VDC signal (НІ-В) always is present on the D input, 
so that as long as valid video addresses cause U329 to prevent lows 
on the CLR and PR inputs, a pulse from a light pen will clock the flip-flop 
and generate the LPEN signal for use by the status register and the CRT 
controller. 


Color Video Encoder and Synchronization 


Figure 9.9 details the color encoder and video sync generator. 


U324 and U325, two PAL devices, generate the encoded color signal 
before application to the video timing and output circuits. The functional 
equations for these devices are detailed in Chapter 7. U324 encodes the 
red and green signals, and U325 the blue and intensity bits. 


CO DLY, C1 DLY, DISPEN DLY*, GRPH, A/N DOTS, BLANK', and 
640 x 200 are common inputs to both devices. 


Attribute bits AT1, AT2, AT5, and AT6, and the OVERSCAN R and OVER- 
SCAN G signals, determine whether the R (red) or G (green) signals, 
or both, are output to U338 from the R/G encoder. 


Attribute bits ATO, АТЗ, ATA, and AT7, and the OVERSCAN B and OVER- 
SCAN | signals, determine whether the B (blue) and | (intensity) signals 
from the ВЛ encoder are used. The | bit also is dependent on the ON 
or OFF states of the BGNDI and ENABLINK signals, and the B bit also 
is dependent on the SELBLUE signal derived from COLORSEL and BW 
signals. 


U338 is responsible for the synchronization of the dot stream to be sent 
to the video output circuit via the video multiplexer, U319. 
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The U319 video multiplexer provides the capability of selecting an optional 
video card. The optional signals R, G, B, H, and V are entered onto the 
card through connector P303. The U319 is a hex 2-to-1 universal multi- 
plexer which outputs these signals to the video output circuit. 


Video Output 


Refer to Figure 9.10 for the description of the video output circuits. 


HSYNC DLY and VSYNC DLY are XORed by U339 with HI-B or GND, 
depending on how J303, J304, J306, J307, and J308 are configured. The 
XORed signals and RDOTS, GDOTS, BDOTS, and IDOTS are applied 
to “D” connector P305 which connects to the direct drive color monitor. 
The dot signals also are routed to the inputs of 0318, an open-collector 
buffer. 


VSYNC DLY is exclusive ORed with the internal vertical sync selection 
jumper, 4306. The XORed output of U339 is buffered by part of 0318 
and connected to pin 6 of P302 for use by an internal display monitor. 


HSYNC DLY also is buffered and connects to pin 5 of P302. HSDLY 
and the HSYNC polarity select jumper, J307, are exclusive ORed and, 
after inversion and filtering, applied to pin 8 of the RGB video output con- 
nector, P304. 


J304, the composite/vertical sync selector jumper, and J308, the vertical 
sync polarity select jumper, are exclusive ORed, inverted, filtered, and 
connected to pin 9 of P304. 


When the dots signals leave 0340, they are filtered and placed on pins 
3 through 6 of the RGB output connector, P304, for use by the attached 
RGB monitor. 


U318, R302, and RP303 form a digital-to-analog (D/A) converter, changing 
the color information into voltage levels for use in creating gray scales. 
These signals are fed into Q303 which then feeds Q304 (drives an internal 
monitor from P302, pin 10), and Q305 (drives an external monochrome 
monitor from J309). 


Chapter 5 
Troubleshooting 


General 


Use of the information in this chapter assumes that one or more malfunc- 
tions have been traced to the Z-309A Video Card, and the power-on, 
menu-selected, and disk-based diagnostics have not isolated the problem. 
The information provided here will supplement the procedures provided 
by the built-in debugging routines of system ROM. Refer to the trouble- 
shooting chapter in the Base Units Service Modules for details on the 
use of these routines. 


In the following descriptions, all address and register values are given 
in hexadecimal notation. The term "set" in a given bit position indicates 
a logic one (1) state. The term "reset" indicates a logic zero (0). 


The memory required by the video interface is a self-contained 16K-byte 
bank with no parity bit. It is used in text mode for storage and retrieval 
of character and attribute information. In graphics mode, it contains data 
to define color attributes of the graphics pixels. The buffer address starts 
at B8000. 


CRT Controller 


The following paragraphs define the functions and interrelationships of 
the signals appearing on the pins of the 6845. For more detailed informa- 
tion, refer to the 6845 CRT Controller data sheets in Chapter 8. 


The signals fall into three categories: signals which interface the controller 
with the microprocessor and system busses; signals which interface the 
controller with the video memory bank and character generator logic; and 
signals which directly relate to controller/monitor interfacing. 
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Microprocessor Interface Signals 


Table 5.1 defines the signals used to provide communication and data 
transfer between the video card and the rest of the system. 


Table 5.1. Video Card to System Interface Signals 
SIGNAL FUNCTION 


DO to D7 Bidirectional data lines which transfer information between the CPU and 
the internal registers of the 6845. 


Се“ Chip select signal typically generated by system address decoding logic. 
CS* must be low to read information from, or write information to, one 
of the 6845 internal registers. 


RS 6845 register select signal. Rather than sacrifice five of the 40 available 
pins to 6845 register-addressing, one of the registers is used as an 
address register to access the other 18 registers. When the RS signal 
is low, the address register is accessed and can then be loaded with 
the address of the internal register to be accessed next. When RS is 
high, the addressed register may be accessed. 


R/W* The read/write signal. It determines whether data is to be written into 
or read from an internal register. R/W" is low for a write operation, high 
for a read operation. 


E The enabling (synchronizing clock) signal required by the 6845 which 
enables the internal 1/О buffers and clocks data into and out of the inter- 
nal registers via the data buffers. In this computer, the E input connects 
to the system ECLK signal. 


CLK Synchronizes the 6845's control signals. It is derived from the system 
clock to become the character rate clock in text mode. Although this 
signal is more closely related to the character generator and video inter- 
face, it is included here because it is the primary timing unit to the 6845. 


НЕФЕТ" Initializes the 6845. When this pin goes low, the internal counters are 
cleared and the 6845 outputs go low, effectively stopping the video dis- 
play operation. As the RESET* signal does not affect the program-acces- 
sible counters within the 6845, display may continue when RESET* goes 


high. 
Voc (+ 5V) Standard TTL power levels which enable proper operation of the video 
and Vss card ICs. 


(Ground) 
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Screen Memory and Character Generator Signals 


There are two sets of signals provided by the 6845 to implement screen 
memory and character generator logic interface. MAO through MA13 are 
screen memory address outputs, and RAO through RA4 are the raster 
address signals to character generator logic. The 14 screen memory ad- 
dress lines allow the 6845 to address the 16 K-bytes of video memory. 
The raster address lines are outputs from the 6845's scan line counter 
required by the character generator logic to determine which scan line 
of a character row is in progress. | 


CRT Monitor Signals 


HSYNC and VSYNC are standard horizontal and vertical synchronization 
signals required by the CRT monitor for display stabilization. DISPEN is 
the display enable signal which goes high whenever the video signal to 
the CRT is to be active. DISPEN is low during horizontal and vertical 
retrace, and also could be called the video blanking signal. CURSOR 
is the cursor enable signal which allows a steady stream of dots to be 
produced on the СНТ screen as a cursor symbol. 


LPEN is the light pen strobe input signal which may be used to interface 
a light pen. A high on the LPEN line signals the 6845 to save the contents 
of the screen memory address in one of the internal register sets so the 
microprocessor can subsequently determine the position on the monitor 
screen at which the light pen was detected. 
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CRT Controller Register 


The 19 internal registers of the 6845 CRT controller can be software-pro- 
grammed to define display and control parameters of a raster-scanned 
monitor. One of these registers, the address register, is used only as 
a pointer to the addresses of the other 18 registers. The address register 
is write-only and is loaded from the CPU, using ап /О OUT instruction 
to I/O address 304. This register is loaded with the five least-significant 
bits of the I/O argument. 


The other 18 registers are selected by the pointer information in the ad- 
dress register, then the CPU directs the information at address 3D5 to 
be loaded into the selected register. Transfers of address and parameter 
information to and from the registers is via data lines DO through D7. 


Programming the Registers 


Table 1 in the data sheets illustrates the logic involved in accessing the 
6845 internal registers. Table 5.2 in this chapter defines the individual 
registers in terms of values contained in them and the results obtained 
with these values. All values are expressed in hexadecimal. 


Troubleshooting 
Table 5.2. CRT Controller Register Functions 
VALUES 
REG. REG. REG. REG. 40 х 25 80x25 GRAPHICS 
ADDR. NO. TYPE UNITS STAT. TEXT TEXT MODE 
0 RO Horiz. Total Char. Write 38 71 38 
1 R1 Horiz. Dispd. Char Write 28 50 28 
2 R2 Horiz. Sync. Char Write 2D 5A 2D 
Position 
3 R3 Horiz. Sync. Char Write ОА ОА ОА 
4 R4 Vert. Total Row Write 1F ЇР ТЕ 
5 R5 Vert. Total Scan Write 06 06 06 
Adjust Line 
6 R6 Vert. Dispd. Row Write 19 19 64 
7 R7 Vert. Sync. Row Write 1C 1C 70 
Position 
8 R8 Interlace — Write 02 02 02 
Mode 
9 R9 Max. Scan Scan Write 07 07 01 
Line Addr. Line 
A R10 Cursor Scan Write 06 06 06 
Start Line 
B R11 Cursor Scan Write 07 07 07 
End Line 
C R12 Start Addr. High Write 00 00 00 
р R13 Start Addr. Low Write 00 00 00 
E R14 Cursor Addr. High Read/ XX XX XX 
Write 
F R15 Cursor Addr. Low Read/ XX XX ХХ 
Write 
10 R16 Light Pen High Read XX XX XX 
11 R17 Light Pen Low Read XX XX XX 
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The first group of registers, RO through R3, establishes the horizontal 
format and timing parameters. Registers R4 through R9 determine vertical 
format and timing parameters. The remaining registers, R10 through R17, 
deal with cursor characteristics, screen memory addressing, and the light 
pen interface. Typically, registers RO through R11 are loaded when the 
system is turned on and should not need to be accessed thereafter. The 
other six registers, R12 through R17, need to be accessed on an ongoing 
basis during display operations. R12 and R13 establish the 14-bit starting 
(top-of-page) address of screen memory. The contents of these registers 
may be manipulated to perform scrolling of the screen contents. R14 and 
Н15 establish the 14-bit cursor address which establishes the cursor sym- 
bol position on the screen. R16 and R17 are used only if a light pen 
is interfaced. 


Horizontal Timing and Format Registers 


The contents of register RO determines the total time allotted for one scan 
line in terms of character clock (CLK) cycles (total of displayed and undis- 
played characters minus 1) per horizontal line, thus determining the hori- 
zontal sync (HSYNC) frequency. 


Н1 15 the character row register. It is loaded with the total number of 
characters minus 1 in character clock (CLK) units. 


The horizontal sync register, R2, establishes the point at which the HSYNC 
signal makes its negative-to-positive transition, specified in terms of CLKs. 
The reference point for the beginning of the HSYNC pulse is the left-most 
character position displayed on the scan line. 


R3, the HSYNC width register, uses only the four least-significant bits 
of data to establish the duration of the HSYNC pulse in the range of 
1 to 16 character clocks. This allows you to adjust the HSYNC pulse 
duration to the requirements of the applicable CRT monitor. 
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Figure 5.1 shows the interrelationship between the four horizontal timing 
and format registers (RO through R3) in terms of CLK. 


(RO) + 1 
(R2) + 1 
(R1) 


DISPEN 


HSYNC E 
(R3) 


Figure 5.1. Horizontal Timing and Format 


Vertical Timing and Format Registers 


Registers R4 through R9 normally are loaded at system startup and nor- 
mally are not changed thereafter. The point of reference for these registers 
is the top-most character position displayed on the monitor screen. 


The vertical total register, R4, and the vertical sync adjust register deter- 
mine the total number of scan line times in a frame, including vertical 
retrace, establishing the overall frame rate or VSYNC frequency. 


R4 is a 7-bit register loaded with the total number of character rows. Since 
a character row can consist of up to 32 scan lines, it may be difficult 
for you to establish a refresh frequency close to the line frequency. Regis- 
ter R5, a 5-bit VSYNC adjust register, may then be used to fine-tune 
the VSYNC frequency. R5 is loaded with a value representing scan line 
times. 
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The character-rows-displayed register, R6, is a 7-bit register which allows 
you to select the number of rows of characters to be displayed, up to 
128. What you specify for this register does not determine the positions 
of the VSYNC pulse, but the point at which display enable (DISPEN) will 
be reset for vertical retrace. 


R7, the vertical sync (VSYNC) position register, determines the point at 
which the VSYNC signal makes its negative-to-positive transition to initiate 
vertical retrace. VSYNC position is determined by the character row times, 
measured from the first character row on the monitor screen. The VSYNC 
pulse always has a duration of 16 scan lines. Since the scan line frequency 
will vary from one application to another, and since the VSYNC pulse 
duration cannot be changed, external circuitry may be needed to achieve 
a pulse that is compatible with the monitor used. 


The interlace mode register, R8, determines whether interlaced or non-in- 
terlaced scan is used. 


The value in register R9 determines the number of scan lines per character 
row. This 5-bit register may be programmed for a character row of up 
to 32 scan lines. The value used will dictate the maximum count output 
by the raster address signals (RAO through RA4) to the character 
generator logic. Load R9 with the desired scan line count minus 1. 


The cursor formatting registers are comprised of the cursor start and cursor 
stop registers, R10 and R11, respectively. The five least-significant bits 
of each register determine the scan lines within a character row where 
the cursor symbol is to be activated. The scan line specified in R10 is 
the first scan in which the CURSOR signal is to be set and it will remain 
set until the scan line specified in R11 has been completed. Accordingly, 
if the cursor symbol is to occupy a single scan line, the same value must 
be loaded into both registers. If different values are loaded, a block-type 
cursor will be formed. In interlaced sync and video mode, both registers 
must be loaded with either odd or even values. Bits 5 and 6 determine 
whether or not the cursor is to blink, and if so, at either 1/16th or 1/32th 
of the field rate. See the data sheets in Chapter 8 for clarification of cursor 
format programming. 
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Primary Operating Registers 


The remaining six registers, R12 through R17, are considered the primary 
operating registers since, in the course of display programming, the con- 
tents will undoubtedly change on an ongoing basis rather than being 
loaded one-shot at system startup. The six registers are arranged as three 
14-bit register pairs (bits 6 and 7 of the most-significant byte are not used). 


R12 and R13 comprise the top-of-page register which specifies the screen 
memory address containing the first character from the top-left corner to 
be displayed. At the end of each vertical retrace, the first screen memory 
address generated will be the one contained in these registers. Since 
the 6845 addresses memory linearly, rather than on a row/column basis, 
scrolling can be performed on either a character-by-character or row-by- 
row basis. 


The cursor position registers, R14 and В15, generate a cursor signal when 
the 6845 generates a screen memory address on MAO through MA13 
that matches the contents of this register pair, and when the scan line 
counter (RAO through RA4) outputs fall within the limits established by 
registers R10 and R11. It may be necessary to delay the cursor signal 
with external logic circuitry to achieve display at the desired position. Cur- 
sor movement on the screen is accomplished by loading new values into 
R14 and В15. These registers are the 6845's only read/write registers 
so they also can be used to keep track of the cursor position, rather than 
copying this information from another memory location. 


R16 and R17 are the light pen register pair, which will be loaded with 
the screen memory address corresponding to the screen position at which 
the LPEN signal was detected. Since there are several critical timing pa- 
rameters involved with this signal, be sure to carefully study the documen- 
tation supplied with this option. 
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Raster Scan Signals 


The raster scan outputs, RAO through ВА4, provide the interface between 
the 6845 and the character generator logic. These outputs may represent 
scan line counts of from O to 31, or up to 32 scan lines per character 
row. Register R9, the scan lines/row register, determines the maximum 
count from the scan output registers before reset occurs. Scan line counts 
are incremented at the HSYNC rate, but also are dependent on the inter- 
lace format selected. 


Video Card І/О Devices 


Table 5.3 defines the І/О devices contained on the video interface. 


Table 5.3. Video Card 1/0 Port Assignments 


PORT ADDRESS REGISTER 
3DO 6845 
3D1 6845 
3D8 Mode Control 
3D9 Color Select 
3DA | Status/Mode І/О 
3DB Light Pen Latch CLEAR 


3DC Light Pen Latch PRESET 
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To address a given port, the address lines are programmed as defined 
in Table 5.4. 


Table 5.4. Video Card 1/0 Port Selection 


PORT A9 A8 A7 A6 A5 A4 A3 A2 A1 АО 
3DO 1 1 1 1 0 1 1 X X 0 
3D1 1 1 1 1 0 1 1 X X 1 
3D8 1 1 1 1 0 1 1 0 0 0 
3D9 1 1 1 1 0 1 1 0 0 1 
3DA 1 1 1 1 0 1 1 0 1 0 
3DB 1 1 1 1 0 1 1 0 1 1 
3DC 1 1 1 1 0 1 1 1 0 0 


X = Don't care 


The 6845 СВТ controller occupies two 1/О port addresses. The RS (regis- 
ter select) line is connected to the least-significant bit, AO. When АО is 
reset, the address register is accessed to load it with the register address 
of the desired parameter, which would then be accessed by setting AO 
(RS). A typical register access operation then would consist of two con- 
secutive device write cycles, or a write cycle followed by a read cycle, 
and these cycles would be directed to consecutive memory or 1/О loca- 
tions. 
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Color Select Register 
The color select register, located at address 309, is a 6-bit output-only 
device (it cannot be read) which can be written to using the /О OUT 


command. Only the six least-significant bits of the instruction are used, 
as shown in Table 5.5. 


Table 5.5. Color Select Register Logic 


Bit 0 B (blue) border color select (text mode) or 640 x 200 graphics dot 


color 

Bit 1 G (green) border color select (text mode) or 640 x 200 graphics dot 
color 

Bit 2 R (red) border color select (text mode) or 640 x 200 graphics dot color 

Bit 3 | (intensity) intensifies border color (text mode) or 640 x 200 graphics 
dot color 

Bit 4 Selects alternate background color palette for text mode color 

Bit 5 320 x 200, graphics color palette selection 


Bits 6 and 7 are not used. 


In text mode, bits 0, 1, 2, and 3 determine the screen border color. In 
320 x 200 graphics submode, these bits select the screen background 
color (CO and C1). 


Bit 4, when set, selects an alternate, intensified palette of background 
colors in text mode if bit 5 in the mode select register, /О port 3D8, 
15 reset. 
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Bit 5 is used only in the 320 x 200 graphics submode to select the active 
palette of screen display colors. If bit 5 is a logical 1, color is determined 
by the logic of Table 5.6. 


Table 5.6. Palette Number 1 Selection 


C1 CO BACKGROUND COLOR 

0 0 Defined by bits 0-3 of I/O port 309 
0 1 Cyan 

1 0 Magenta 

1 1 White 


If bit 5 is a logical 0, color is determined by the logic of Table 5.7. 


Table 5.7. Palette Number 2 Selection 


C1 CO BACKGROUND COLOR 

0 0 Defined by bits 0-3 of I/O port 309 
0 1 Green | 

1 0 Red 


1 1 Yellow 
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Mode Select Registers 


The mode select registers are also write-only registers. One is a 6-bit 
register at port address 3D8; the other is an 8-bit register at 3DA. Both 
can be written to using 1О OUT commands. The output register at 3D8 
functions according to the logic of Table 5.8. 


Table 5.8. Mode-Select Port 3D8 Logic 


Bit 0 


Bit 1 


Bit 2 


Bit 3 


Bit 4 


Bit 5 


A logical 1 selects 80 x 25 text submode. 
A logical O selects 40 x 25 submode. 


A logical 1 selects 320 x 200 graphics submode. 
A logical 0 selects text mode. 


A logical 1 selects monochrome submode. 
A logical O selects color submode. 


Disables the video signal during mode changes. The video signal should 
be re-enabled following a mode change. A logical 1 enables the video. 


A logical 1 selects 640 x 200 monochrome graphics submode. Use 
О port 309 to select one of eight colors when using a direct drive 
monitor in this submode. 


A logical 1 selects blinking feature in alphanumeric mode (normal set- 
ting). A logical O intensifies whichever of the 16 background colors is 
selected to yield a lighter shade of that color. 


Bits 6 and 7 are not used. 
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The register at 3DA functions according to the logic of Table 5. 9. 


Table 5.9. Mode-Select Port 3DA Logic 


Bit 0 


Bit 1 


Bit 2 


Bit 3 


Bit 4 


Bit 5 


Bits 6 and 7 


BIT 7 


A logical 1 overrides the VIDEO ENABLE signal from 3D8; will eliminate 
monitor display flicker when in text mode. 


Character font selection. A logical 1 selects the single-dot width font 
if jumper J302 on the video card is positioned to "0", and the double-dot 
width font if J302 is positioned to “1”. A logical 0 reverses this condition. 
The purpose for allowing this either/or situation is to enable your selection 
of either font at power on. 


A logical 1 will underline any character which has a logic one in bit 
6 (RED background) of the attribute byte. 


Reserved for video diagnostics; used to light the LED located on the 
video card. 


A logical 1 disables the color video interface and connects video output 
from an alternate video card located within your central computing unit 
to output connectors on the resident video card. 


A logical 1 enables fast hardware scrolling in the 80 x 25 submode 
only. 


Used to select one of four pages of display text from the 16K video 
RAM according to the following logic: 


BIT6 SCREEN PAGE SELECT 
0 First page 
1 Second page 
0 Third page 


1 Fourth page 
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Status Register 


The status register, an 8-bit read-only buffer, resides at input port address 
3DA. Table 5.10 summarizes the logical operation of this register. 


Table 5.10. Status Select Logic 


Bit 0 A logical 1 indicates that a horizontal or vertical retrace is in progress. 
This bit can be used to update the video memory during screen refresh 
intervals. 

Bit 1 A logical 1 in. this bit position indicates that a positive-going light pen 


signal has set the light pen trigger. This trigger is reset at power up 
and also тау be cleared by issuing an ИО OUT command to port address 
3DB. The reset is address-activated; no specific data need be output. 


Bit 2 A logical O indicates that the light pen switch is on. The switch signal 
is not latched or debounced. 

Bit 3 A logical 1 indicates that a vertical retrace is in progress. 

Bit4 Least-significant bit (LSB) of the character font number. 

Bit 5 Most-significant bit (MSB) of the character font number. 


Bits 6 and 7 are not used. 
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Programming Sequence 


In general, observe the following sequence when selecting operating pa- 
rameters for the video interface: 


1. Determine desired mode of operation: text mode or all-points- 
addressable graphics. 


2. Reset video enable bit. Also reset video override bit 0 in port address 
3DA if not already reset. 


3. Program the CRT controller to desired mode. 


4. Determine desired submode(s), then program mode and color select 
registers. 


.5.  Setvideo enable bit. Also set the video override bit, if desired. 


Video Output Adjustment 


The following paragraphs detail the procedure for setting the video output 
black level and contrast. 


Connect the oscilloscope vertical input to the monochrome video output 
connector, J308. Connect oscilloscope external sync input to pin 5 of P301, 
HSDLY. Obtain a stable waveform resembling Figure 5.2. 


1V CONTRAST 


Figure 5.2. Video Output Adjustment Waveform 
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Adjust black level control, R310, for a pulse height of .3 volt. Then adjust 
the contrast control, R311, for a peak waveform height of 1 volt. The 
adjustments may be slightly interactive, so repeat these two operations 


as necessary to obtain the specified results. 


Troubleshooting Table 


NOTE: Use of the Disk-Based Diagnostics package, if available, is recom- 


mended for troubleshooting. 


Table 5.11 lists some problems that may be encountered and some possi- 


ble causes. 


Table 5.11. Troubleshooting Chart 


PROBLEM 

System dies when card inserted. 

No video dots. 

Horizontal sync problems. (Starting characters off 
the left of screen, or first line does not start on the left 


side of the screen.) 


Vertical sync problems. (Rolling or starting point off 
the top of the screen.) 


No monochrome vertical or horizontal sync. 
No horizontal or vertical sync. 
No horizontal sync. 


Mismatched colors and intensity of colors missing. 


Background colors bad. 


No RAM data output. 


POSSIBLE CAUSE 
U330, U331, U351, U359, U360, U340, U358 


Q303, U319, 1338, 9324, 0325, 0326, 0305, 0306, 
U311, U312, U308 


0318, 0303, U363 


4306, 0318, 0339, J308, 0369 


9313, U363 
U319, U338, U349, U333, U337 
0301, 0321, 0343, 0302, 0337 


RP303, L301, 1302, L303, L304, RP302, 0318, 0340, 
1310, 1311, 1314, 0319, 9338, 0324, 0325 


0324, 0325, 9327, 9352, 9309, 0314, 0350 


0332, 0334, 0335, 0307, 0362, 0359, U360, 0361, 
0308, 0309, 9312, 0314 
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Table 5.11 (Continued). Troubleshooting Chart 
Ц 


PROBLEM POSSIBLE CAUSE 
I — ССС 
Cursor not blinking. U332 


Wrong font or white screen. J302, J305, U317, U329, U357, U358 


No dots in the graphics mode or wrong dot data. U348, U328, U332, U307 


Duplicate data. U310, U359, U315, U360, U316, U336 


Random characters and attributes. U353, U354, U355, U356, U308, U309, U312, U314 


Video Timing 


Figure 5.3 shows the timing relationships between the various video sig- 


nals. Use of this chart will be of great help when isolating time-related 
video card malfunctions. 
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Figure 5.3. Video Timing 
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Chapter 6 


309A Video Card Component 
Parts List 


Introduction 


This portion of the service module contains a component view of the 
Z-309A Video Card (part numbers HE 181-4937, HE 181-5084, and 
HE 181-5427) and related parts list. Refer to Figure 6.1 for location of 
parts and components. 


CAUTION: This card contains electrostatic-sensitive devices (ESD). Exer- 
cise extreme care when handling these devices to prevent damage. 


Refer to Chapter 7, "Semiconductor Identification," or to the data sheets 
in Chapter 8 for descriptions of semiconductor devices. 
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Figure 6.1. Video Card Component Layout 
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Parts List 


CIRCUIT 


REFERENCE 205 
DESIGNATOR PART NO. 


Capacitors 


C301 
C302 
C303 
C304 
C305 


C306 
C307 
C308 
C309 
C310 


C311 
C312 
C313 
C314 
C315 


C316 
C317 
C318 
C319 
C320 


C321 
C322 
C323 
C324 
C325 


C326 
C327 
C328 
C329 
C330 


C331 
C332 
C333 
C334 
C335 


HE 21-786 
HE 21-786 
HE 21-786 
HE 21-786 
HE 21-786 


HE 21-786 
HE 21-786 
HE 21-786 
HE 21-786 
Not Used 


HE 21-786 
HE 21-786 
HE 21-786 
HE 21-786 
HE 21-786 


HE 21-786 
HE 21-786 
HE 21-786 
HE 21-786 
HE 21-786 


HE 21-786 
HE 21-786 
HE 21-786 
HE 21-786 
HE 21-786 


HE 21-786 
HE 21-786 
HE 21-786 
HE 21-786 
HE 21-786 


HE 21-786 
HE 21-786 
HE 21-786 
HE 21-197 
HE 25-820 


DESCRIPTION 


.1 uF ceramic 
Л uF ceramic 
Л uF ceramic 
Л wF ceramic 
Л АЕ ceramic 


.1 АР ceramic 
.1 АР ceramic 
.1 АЕ ceramic 
Л АР ceramic 


.1 uF ceramic 
Л uF ceramic 
Л АЕ ceramic 
Л АЕ ceramic 
Л АЕ ceramic 


.1 uF ceramic 
Л uF ceramic 


Л АР ceramic 


Л uF ceramic 
Л БЕ ceramic 


Л АР ceramic 
.1 uF ceramic 
Л „Е ceramic 
Л АЕ ceramic 
Л АЕ ceramic 


.1 АЕ ceramic 
Л АР ceramic 
.1 АР ceramic 
.1 АЕ ceramic 
.1 uF ceramic 


Л АЕ ceramic 
.1 АЕ ceramic 
Л АЕ ceramic 
1 „Е tantalum 


10 „Е electrolytic 


CIRCUIT 


REFERENCE 205 


C336 
C337 
C338 
C339 
C340 


C341 
C342 
C343 
C344 
C345 


C346 
C347 
C348 
C349 
C350 


C351 
C352 
C353 
C354 
C355 


C356 
C357 
C358 
C359 
C360 
C361 
C362 
C363 
C364 


Diodes 


CR301 
CR302 


DESIGNATOR PART NO. 


HE 21-786 
HE 25-820 
HE 25-820 
HE 25-820 
HE 21-197 


HE 21-804 
HE 21-804 
HE 21-804 
HE 21-804 
HE 21-804 


HE 21-804 
HE 21-804 
HE 21-804 
HE 21-804 
HE 21-804 


HE 21-804 
HE 21-804 
HE 21-804 
HE 21-804 
HE 21-786 


Not Used 
Not Used 
Not Used 
Not Used 
Not Used 
Not Used 
Not Used 
Not Used 
Not Used 


HE 56-24 
HE 56-655 


DESCRIPTION 


Л uF ceramic 


10 „Е electrolytic 
10 uF electrolytic 
10 „Е electrolytic 


1 „Е tantalum 


56 pF ceramic 
56 pF ceramic 
56 pF ceramic 
56 pF ceramic 
56 pF ceramic 


56 pF ceramic 
56 pF ceramic 
56 pF ceramic 
56 pF ceramic 
56 pF ceramic 


56 pF ceramic 
56 pF ceramic 
56 pF ceramic 
56 pF ceramic 
.1 АР ceramic 


LED, red 
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Parts List 
CIRCUIT CIRCUIT 
REFERENCE 205 REFERENCE  ZDS 
DESIGNATOR PART МО. DESCRIPTION DESIGNATOR PART МО. DESCRIPTION 
Chokes and Pins U310 HE 443-1037 Selector, quad, 2-to-1 
| НЕ 434-299 Socket 
L301 Bare Wire U311 HE 443-1031 Flip-flop, octal, D 
L302 Bare Wire HE 434-311 Socket 
L303 Bare Wire U312 HE 443-1165 RAM, dynamic, 16 K x 4 
L304 Bare Wire HE 434-310 Socket 
L305 Bare Wire 
U313 HE 443-875 OR, quad 
L306 HE 235-229 Choke, RF, ferrite, 35 ЫН ог 
1307 НЕ 45-73 Choke, ferrite, 2.2 рН HE 443-1072 
L308 HE 45-73 Choke, ferrite, 2.2 рН HE 434-298 Socket 
L309 HE 45-73 Choke, ferrite, 2.2 H U314 HE 443-1165 RAM, dynamic, 16 K x 4 
L310 HE 45-73 Choke, ferrite, 2.2 рН HE 434-310 Socket 
L311 HE 45-73 Choke, ferrite, 2.2 LH U315 HE 443-1037 Selector, quad, 2-to-1 
L312 HE 45-73 Choke, ferrite, 2.2 H HE 434-299 Socket 
L313 HE 45-73 Choke, ferrite, 2.2 рН U316 HE 443-1037 Selector, quad, 2-to-1 
L314 HE 235-229 Choke, RF, ferrite, 35 ыН HE 434-299 Socket 
Integrated Circuits U317 HE 443-877 Decoder 
HE 434-299 Socket 
U301 HE 443-816 AND, quad U318 HE 443-1020 Buffer interface gate 
or HE 434-299 Socket 
HE 443-1229 
HE 434-298 Socket U319 HE 443-805 Flip-flop, octal, D 
U302 HE 443-755 Inverter, hex or 
or HE 443-1198 Hex 2-to-1 universal multiplexer 
HE 443-1082 HE 434-311 Socket 
HE 434-298 Socket 
U320 Not Used 
U303 HE 443-875 OR, quad 
or U321 HE 443-1051 Flip-flop, octal, D 
HE 443-1072 HE 434-298 Socket 
HE 434-298 Socket U322 HE 443-973 Counter, binary 
0304 НЕ 443-755 Inverter, hex HE 434-298 Socket 
or 
HE 443-1082 U323 HE 443-1034 Buffer, quad, NAND 
HE 434-298 Socket or 
HE 443-1232 
U305 HE 443-892 Register HE 434-298 Socket 
HE 434-299 Socket U324 HE 444-274 Generator, dot, R/G 
U306 HE 444-292 Character ROM HE 434-311 Socket 
or 
HE 444-230-1 U325 HE 444-234 Generator, dot, В/ 
or HE 434-311 Socket 
HE 444-230-2 U326 HE 444-232 Video sync 
HE 434-307 Socket HE 434-311 Socket 
U307 HE 443-915 XOR, quad U327 HE 443-1031 Flip-flop, octal, D 
HE 434-298 Socket HE 434-311 Socket 
U308 HE 443-1165 RAM, dynamic, 16 K x 4 U328 HE 443-892 Register 
HE 434-310 Socket HE 434-299 Socket 
U309 HE 443-1165 RAM, dynamic, 16 K x 4 
HE 434-310 Socket 
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Parts List 


CIRCUIT 


REFERENCE  ZDS 
DESIGNATOR PART NO. 


Integrated Circuits (continued) 


U329 


U330 


U331 


U332 


U333 


U334 


U335 


U336 


U337 


U338 


U339 


U340 


U341 


U342 
U343 


0344 


0345 


0346 


0347 


НЕ 443-877 
НЕ 434-299 
НЕ 443-1051 
НЕ 434-298 


НЕ 443-1051 
НЕ 434-298 
НЕ 444-235 
НЕ 434-311 


НЕ 443-879 
НЕ 434-299 
НЕ 443-983 
НЕ 434-299 


НЕ 443-983 
НЕ 434-299 
НЕ 444-235 
НЕ 434-311 


НЕ 443-906 
НЕ 434-253 
НЕ 443-1053 
НЕ 434-299 


НЕ 443-891 
НЕ 434-298 
НЕ 443-1058 
НЕ 434-311 


НЕ 443-967 
or 

HE 443-1072 

HE 434-298 

Not Used 

HE 443-973 

HE 434-298 


HE 443-1051 
HE 434-298 
HE 443-875 
HE 434-298 


HE 443-779 
or 

HE 443-1045 

HE 434-298 

HE 443-780 
or 

HE 443-1073 

HE 434-298 


DESCRIPTION 


Decoder 

Socket 

Flip-flop, octal, D 
Socket 


Flip-flop, octal, D 
Socket 

PAL, RAM control 
Socket 


Flip-flop, hex, D 
Socket 

Flip-flop, quad, D 
Socket 


Flip-flop, quad, D 
Socket 
Multiplexer, scroll 
Socket 


Controller, CRT 
Socket 
Flip-flop, hex, D 
Socket 


XOR, quad, 2-input, 8-bit 
Socket 

Buffer, octal 

Socket 


Inverter, hex 


Socket 


Counter, binary 
Socket 


Flip-flop, octal, D 
Socket 

OR, quad 
Socket 


NOR, quad, 2-input 


Socket 
AND, quad, 2-input 


Socket 


CIRCUIT 


REFERENCE 205 
DESIGNATOR PART NO. 


U348 


U349 


U350 


U351 


U352 


U353 


U354 


U355 


U356 


U357 


U358 


U359 


U360 


U361 


U362 


U363 


HE 443-892 
HE 434-299 
HE 443-1166 
HE 434-299 


HE 443-1166 
HE 434-299 
HE 443-1058 
HE 434-311 


HE 443-1031 
HE 434-311 
HE 443-1058 
HE 434-311 


HE 443-1058 
HE 434-311 
HE 443-1070 
HE 434-311 


HE 443-1070 
HE 434-311 
HE 443-1098 
HE 434-311 


HE 443-1097 
HE 434-311 
HE 443-1058 
HE 434-311 


HE 443-1058 
HE 434-311 
HE 443-1058 
HE 434-311 


HE 444-241 
or 

HE 444-287 

HE 434-299 

HE 443-967 

HE 434-298 


DESCRIPTION 


Register 
Socket 


Flip-flop, hex, D 


Socket 


Flip-flop, hex, D 


Socket 
Buffer, octal 
Socket 


Flip-flop, octal, D 


Socket 
Buffer, octal 
Socket 


Buffer, octal 
Socket 


Transport latch, octal, D 


Socket 


Transport latch, octal, D 


Socket 


Flip-flop, octal, tri-state 


Socket 


Transceiver, octal, tri-state 


Socket 
Buffer, octal 
Socket 


Buffer, octal 
Socket 
Buffer, octal 
Socket 


РВОМ, decoder, video address 


Socket 
Buffer, hex 
Socket 


CIRCUIT 


REFERENCE ZDS 
DESIGNATOR PART NO. 


Interfaces and Jumpers 
J301 HE 432-1102 
HE 432-1041 
J302 HE 432-1102 
HE 432-1041 
J303 HE 432-1102 
HE 432-1041 
J304 HE 432-1102 
HE 432-1041 
J305 HE 432-1102 
HE 432-1041 
J306 HE 432-1102 
HE 432-1041 
J307 HE 432-1102 
HE 432-1041 
J308 HE 432-1102 
HE 432-1041 
J309 HE 434-107 
Resistors 
R301 HE 6-102-12 
R302 HE 6-2001-12 
R303 HE 6-102-12 
R304 HE 6-181-12 
R305 HE 6-102-12 
R306 HE 6-101-12 
R307 HE 6-100-12 
R308 HE 6-101-12 
R309 HE 6-270-12 
R310 HE 6-101-12 
R311 HE 6-470-12 
R312 HE 6-122-12 
R313 HE 10-1204-12 
R314 HE 10-1204-12 
R315 Not Used 


DESCRIPTION 


Pin, 3M Molex 
Pin, 2F Berg 
Pin, 3M Molex 
Pin, 2F Berg 


Pin, 3M Molex 
Pin, 2F Berg 
Pin, 3M Molex 
Pin, 2F Berg 


Pin, 3M Molex 
Pin, 2F Berg 
Pin, 3M Molex 
Pin, 2F Berg 


Pin, 3M Molex 
Pin, 2F Berg 
Pin, 3M Molex 
Pin, 2F Berg 
Plug, Phono 


1 КО, film 
6.2 KQ, film 
1 КО, film 
180 Q, film 
1 КО, film 


100 О, film 
100, film 
100 О, film 
27 €), film 
100 О, film 


47 О, film 
27 О, film 
1 КО, control linear 
1 КО, control linear 


CIRCUIT 
REFERENCE 
DESIGNATOR 


R316 
R317 
R318 
R319 
R320 


R321 
R322 
R323 


RP301 
RP302 
RP303 


Transistors 


Q303 
Q304 
Q305 


Miscellaneous 


P301 
P302 
P303 
P304 


ZDS 
PART NO. 


Not Used 
Not Used 
HE 6-102-12 
HE 6-102-12 
HE 6-102-12 


HE 6-102-12 
HE 6-102-12 
HE 6-102-12 


HE 9-124 
HE 9-131 
HE 9-156 


HE 417-875 
HE 417-875 
HE 417-875 


HE 255-757 
HE 204-2719 
HE 254-14 
HE 250-1411 
HE 255-0757 
HE 432-1368 
HE 432-1233 
HE 432-1233 
HE 432-1358 
HE 434-378 
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Parts List 


DESCRIPTION 


1 КО, film 
1 КО, film 
1 КО, film 


1 КО, film 
1 КО, film 
1 КО, film 


47КО x 5 
3900 x 5 
Resistor ladder 5/2 KO 3/1 КО 


Silicon, NPN 
Silicon, NPN 
Silicon, NPN 


Spacer, hex, 4-40 x 4-40 .190 
Bracket 

Washer 

Screw, Phillips, pan head 
Spacer, hex, threaded 
Connector, 6M Molex 

Pin, 10M Molex 

Pin, 10M Molex 

Receptacle, 9F Amps 

IF Phono, 1/4-32 Bushing MTB 


НЕАТН 
РАНТ 
NUMBER 


56-24 


417-875 


DEVICE 
NUMBER 


1М458 


2N3904 


Chapter 7 
Semiconductor Identification 


Introduction 


This chapter will help to identify the various semiconductor devices in- 
stalled on the Z-309A Video Card by cross-referencing, where applicable, 
the Zenith/Heath part numbers with generic device numbers. The compo- 
nents are listed in ascending numerical order, along with device number 
(where applicable), and device lead configuration. This chapter also in- 
cludes the programmable array logic (PAL) equations for the decoder de- 
vices on this card. 


Part Number Index 


DESCRIPTION LEAD CONFIGURATION 


IMPORTANT: THE BANDED END OF DIODES CAN 
BE MARKED IN A NUMBER OF WAYS. 


с ЖЖЖ 


КЕРНИ ЕО СЕЊ, 


BANDED END (CATHODE) 


Q303, Q304, Q305, FLAT 
Video output 
E 
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Semiconductor Identification 


HEATH 
PART DEVICE 
NUMBER NUMBER DESCRIPTION LEAD CONFIGURATION 
Үс A6  Y6 A5 Y5 A4 ү 
443-755 741504 9302, 9304, 
or or Hex inverter 
443-1082 74А1504 
443-779 741502 0346, 
or or Quad 2-input 
443-1045 74ALSO2 NOR gate 
443-780 741508 0347, 
ог ог. Quad 2-input 
443-1073 74А1508 AND gate 
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Semiconductor Identification 


HEATH 
PART DEVICE 
NUMBER NUMBER DESCRIPTION LEAD CONFIGURATION 
vee 8 8D 10 70 a 6D 5D 50 CLOCK 
118 17 шаш аша ЦЕ 
Е i x Y ure 
443-805 7415273 319 
' CLE EAR 
Octal D-type PET ч, 
£r TE о: 
B B Е 4 2 3 3 4D 4 см 
443-816 741509 0301, 
or or Quad AND gate 
443-1229 74А1509 
ЇА 1B № 2^ 28 2 GN 
443-875 74LS32 0303, 0313, 
ог or U345, 
443-1072 74ALS32 Quad OR gate 
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Semiconductor Identification 


HEATH 
PART DEVICE 
NUMBER NUMBER DESCRIPTION LEAD CONFIGURATION 
DATA OUTPUTS 
——————— —— t — PY 
Ус ` YO Yl Y2 үз Ү4 y5 Yó 
443-877 74LS138 U317, U329, 
| Decoder GA GB Gl 
А B C GA GB G үт GND 
— — тт? — инний 
SELECT ENABLE OUTPUT 
Vcc 60 6D 5D 50 40 40 CLOCK 
-45-45Ы438) 
р 
цаг” 
443-879 7415174 0333, 
Hex D-type 
flip-flop 
CLEAR 10 2D 2Q 3 сю 
443-891 74LS86 U339, 
Quad 2-input 


exclusive OR 


Page 7.9 


Semiconductor Identification 


HEATH 
PART DEVICE 
NUMBER NUMBER DESCRIPTION LEAD CONFIGURATION 
PRAE, PARALLEL 
INPUTS 
Š SHIFT/ INPUT OUTPUT 
CC LOAD H H G F E CLEAR 
443-892 7415166 0305, 0328, 
0348, . 
Register 
НЕ 
SERIAL A B C D CLOCK CLOCK GND 
INPUT ——ə— h INHIBIT 
PARALLEL 
INPUTS 
ROW ADDRESSES FOR PROCESSOR INTERFACE 
CHARACTER 
o о GENERATOR DATA BUS CONTROL 
= = 
> > CO ч см са < 
ааа заново, Е 5 
|40 H 39838 H 37 36 35 3433 H 32 31 30 29H 28H 27 H26H 256 24 23 226 21 
443-906 MC6845 0337, | 
CRT controller 68A45 
 — us 13 114115 Н16 Fy 17H 18 Н 19H 20] 
> 
ое зата за <<<: е а а пи пуч о 
E ЈЕ БЕБЕЕЕЕЕЕЕЕ f g 2552 > 
= = 9 
REFRESH MEMORY ADDRESSES 
443-915 74S86 0307, 


Quad exclusive OR 
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Semiconductor Identification 


HEATH 
PART DEVICE 
NUMBER NUMBER DESCRIPTION LEAD CONFIGURATION 
Ус & 6 5А у А 4 
443-967 7406 U341, U363, 
or Hex inverter 
443-1072 
OUTPUTS 
2 
Vcc 2A CLEAR А 208 20 200 
443-973 7415393 9322, 0343, 
Binary counter 
ТА 1 А 108 106 Юр GND 
CLEAR 
OUTPUTS 
Vec 40 40 4D 3D 3Q 30 CLOCK 
443-983 748175 U334, U335, 
Quad D-type 
flip-flop 


CLEAR 10 10 1D 2D 20 20 СМО 
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Semiconductor Identification 


HEATH 
PART DEVICE 
NUMBER NUMBER DESCRIPTION LEAD CONFIGURATION 
443-1020 7407 U318, 
Hex buffer 
Interface gate 
443-1031 74ALS574 U311, U352, 
U327, 
Octal D-type 


flip-flop 
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Semiconductor Identification 


HEATH 
PART DEVICE 
NUMBER NUMBER DESCRIPTION LEAD CONFIGURATION 
Ус 4B АА м 38 ЗА ЗҮ 
443-1034 74LS38 U323, 
or or Quad NAND buffer 
443-1232 74ALS38 
INPUTS INPUTS 
OUTPUT сы OUTPUT ——. OUTPUT 
Усс CONTROL 4A 4B 4Y 3A 3B 3Y 
443-1037 74LS257A U310, U315, 
U316, 
Quad 2-to-1 selector 
SELECT , 1A 1B lY 2A 2B 2Y GND 
Мо 
INPUTS OUTPUT “үү. OUTPUT 
Vec 2CIR 2D 2CK 2R 2 2Q 
443-1051 74А1574 0321, 0330, 
0331, 0344, 
Octal D-type 
flip-flop 


ICLR 1D 1CK IPR 10 0 СМ) 
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Semiconductor Identification 


HEATH 
PART DEVICE 
NUMBER NUMBER DESCRIPTION LEAD CONFIGURATION 
Vec 40 40 4р 3D 3Q 3Q CLOCK 
443-1053 74S174 U338, 
Hex D-type 
flip-flop 
CLEAR 19 10 1D 2D 20 2Q GND 
Vee G м v2 үз ү № Ye Y YS 
443-1058 7415541 0340, 0351, 0353, 
9354, 0359, 0360, 
9361, 
Octal buffer 
СТ Al А АЗ А А5 А6 AT А8 GND 
ү ENABLE 
CC 10 2 д 04 5 96 80:20 
443-1070 74А15573 9355, 9356, "n n 
Octal D-type go! | ЗЫ | %Ы | %Ь 
latch 


OUTPUT 1D 2D 3D 4D 20 6р 10 8D GND 
CONTROL 
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HEATH 
PART DEVICE 
NUMBER NUMBER DESCRIPTION LEAD CONFIGURATION 
443-1097 74А15245 358, 

Octal tri-state 

transceiver 
443-1098 74А15273 0357, 

Octal tri-state 

flip-flop 

Eb o 
М5 рой CAS DQ № A A2 АЗ А? 

443-1165 TMS4416 U308, U309, 

U312, U314, 

16 K x 4 dynamic 

RAM 


G DQ ро W RS Аб № А4 Үс 


НЕАТН 
РАВТ 
NUMBER 


443-1166 


443-1198 


DEVICE 
NUMBER 


74ALS174 


74ALS857 
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Semiconductor Identification 


DESCRIPTION LEAD CONFIGURATION 


U349, U350, 
Hex D-type 
flip-flop 


U319, 
Hex 2-to-1 
universal multiplexer 
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HEATH 
PART DEVICE 
NUMBER NUMBER DESCRIPTION LEAD CONFIGURATION 
DISPENDLY | _ 
Усс CBLINK Cl ADOTS | СПИМ CODLY CO ODDLY МО 
444-232 Available only U326, 
from Zenith PAL 
Data Systems Video synchronizer 
or Heath Co. 
DOTS CDLY CDOTS BLINK EBLINK АТТ PHI] HIGRAPH NC GND 
BGNDIS SELBLUE 
Vcc BLANK | ENABLINK B | 640х200 |  ADOTS GRPH 
444-234 Available only U325, 
from Zenith PAL 
Data Systems ВЛ dots 
or Heath Co. generator 
ATO АТЗ AT АТ CO СІ OSBLUOSINT DDLY GND 
НЕСВАРН 
Усс RASCO RASAT CAS ADMUX | DOTS ІСІК XCLR OSC 
444-235 Available only U332, 0336, 
from Zenith PAL 
Data Systems RAM control 
or Heath Co. Multiplexer, scroll 


ООР Qi ОР 02Р 03 QPP BAO HRES СРЏАХ5 GND 
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HEATH 
PART DEVICE 
NUMBER NUMBER DESCRIPTION LEAD CONFIGURATION 
Vcc Ах CE CH а с O «а 
444-241 Available only U362, 
or from Zenith PROM 
444-287 Data Systems Video address 
or Heath Co. decoder 
A6 A5 A4 A3 AQ A] А? GND 
640x 
Vcc № № FONT] R G 200 BIANK ADOTS СКРН 
444-274 Available only U324, 
from Zenith PAL 
Data Systems R/G dots 
or Heath Co. generator 
АП AT2 AT АТ6 CO Cl OSGRNOSRED БУ GND 
OE/ Урр 
vcc Ag Ag All А0 CE 07 06 05 04 03 
444-230-1 Available only 0306 
ог from Zenith PROM 
444-230-2 Data Systems Character font 
or . or Heath Co. PROM 
444-292 


Ат Аб As A4 Аҙ А» Aj Ар 00 01 02 GND 
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Semiconductor Identification 


PAL Equations 


This section contains the logic equations for the PAL devices located on 
the video card. Detailed circuit operation for these devices is covered 
in Chapter 4, "Detailed Circuit Description." 


Table 7.1 defines the logic symbols used in the PAL equations. 


Table 7.1. PAL Equation Logic Symbols 


PAL SYMBOL LOGIC FUNCTION 
/ Complement 
, AND 
= EQUAL 
= Replaced by 
T OR 
( ) Three state output 


U336, the scroll multiplexer, functions according to the following logic: 
IF (VCC)/RASCC = QOP*/Q3*CPUAXS*/BAO + /Q3 

IF (VCC)/RASAT = QOP*/G3*CPUXS*BAO + /QOP*Q3 

IF (VCC)/CAS = Q1P*/Q3P +/Q1P*Q3P 

IF (VCC) ADMUX = Q1*/Q3+ /Q1*Q3 


IF (VCC) DOTS- HRES*/OSC */HIGRAPH+ /HRES*/LCLK* /HIG- 
RAPH + HIGRAPH */OSC 


IF (VCC) XCLK = HRES*/OSC +/HRES */ LCLK 
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U326, the video sync decoder, functions as follows: 


ADOTS := /CDLY */CDOTS +/CBLINK */CDOTS +/CDLY *BLINK *EB- 


LINK "АТ7 


/DISPENDLY := DDLY 


C1DLY := /C1 */HIGRAPH +/C1 *РНИ *HIGRAPH +/С0 */PHI1 *HIG- 


НАРН 


CODLY : = /С0 */HIGRAPH 


0324, the red/green dot selector, functions as follows: 


В = AT2 *DDLY */GRPH *ADOTS */BLANK 

+ AT6 *DDLY */GRPH */ADOTS */BLANK/FONT 1 

+ C1 *DDLY *GRPH */640X200 */BLANK 

+ OSRED */DDLY */BLANK */GRPH 

+ OSRED *DDLY *GRPH */CO */C1 */640X200 */BLANK 
+ OSRED *DDLY *GRPH *640X200 *C1 */BLANK 

+ AT5 *DDLY */GRPH*/ ADOTS*/ BLANK* FONT1 


С = AT1 *DDLY */GRPH *ADOTS */BLANK 

+ AT5 *DDLY */GRPH "/ADOTS */BLANK 

+ CO *DDLY *GRPH */640X200 */BLANK 

+ OSGRN */DDLY */BLANK */GRPH 

+ OSGRN *DDLY *GRPH */CO */C1 */640X200 */BLANK 
+ OSGRN *DDLY *GRPH *640X200 *C1 */BLANK 
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0325, the blue/intensity dot selector, functions as follows: 


В = ATO *DDLY */GRPH *ADOTS */BLANK 

+ АТА *DDLY */GRPH */ADOTS */BLANK 

+ SELBLUE *DDLY *GRPH */640X200 *C1 */BLANK 

+ SELBLUE *DDLY *GRPH */640X200 "СО */BLANK 

+ OSBLU */DDLY */BLANK */GRPH 

+ OSBLU *DDLY *GRPH */CO */C1 */640X200 */BLANK 
4 OSBLU *DDLY *GRPH *640 x 200 *C1 */BLANK 


| = АТЗ *DDLY */GRPH *ADOTS */BLANK 

+ AT7 */ENABLINK *DDLY */GRPH */ADOTS */BLANK 

+ BGNDI *DDLY *GRPH */640X200 “СО */BLANK 

+ BGNDI *DDLY *GRPH */640X200 *C1 */BLANK 

+ OSINT */DDLY */BLANK */GRPH 

+ OSINT *DDLY *GRPH “СО */C1 */640X200 */BLANK 

+ OSINT *DDLY *GRPH *640X200 *C1 */BLANK 

U332, the RAM controller, functions as follows: 

IF (ес) /RASCC = ООР */Q3 *CPUAXS */ВАО --/ООР “ОЗ 
IF (Vcc) /RASAT = ООР */Q3 *CPUAXS *BAO --/ООР “ОЗ 
IF (Vcc)/CAS = СЛР */Q3P +/Q1P *Q3P 

IF (Vcc) /ADMUX = О17/О3 --/01 “ОЗ 


IF (Усс) /DOTS = HRES "/OSC */HIGRAPH +/HRES “ІСІК */HIG- 
RAPH + НаНАРН */OSC 


IF (Vcc)/XCLK = HRES */OSC +/HRES */LCLK 


Chapter 8 
Data Sheets 


General 


This chapter provides the necessary technical information to understand 
the 6845 CRT Controller. The following pages are reprinted with the per- 
mission of Hitachi. 
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HD68455, HD68A45S, 
HDGSB45S 


CRTC (CRT Controller) 


The CRTC is a LSI controller which is designed to provide an 


interface for microcomputers to raster scan type CRT displays. 
The CRTC belongs to the HMCS6800 LSI Family and has full 
compatibility with MPU in both data lines and control lines. Its 
primary function is to generate timing signal which is necessary 
for raster scan type CRT display according to the specification 
programmed by MPU. The CRTC is also designed as a 
programmable controller, so applicable to wide-range CRT 
display from small low-functioning character display up to 
raster type full graphic display as well as large high-functioning 
limited graphic display. 


FEATURES 
Number of Displayed Characters on the Screen, Vertical HD6845SP, HD68A45SP, HD68B45SP 
Dot Format of One Character, Horizontal and Vertical 
Sync Signal, Display Timing Signal are Programmable 
3.7 MHz High Speed Display Operation 

Line Buffer-less Refreshing 

14-bit Refresh Memory Address Output (16k Words 
max. Access) 

Programmable Interlace/Non-interlace Scan Mode 
Built-in Cursor Control Function 

Programmable Cursor Height and its Blink (DP-40) 
Built-in Light Pen Detection Function 
Paging and Scrolling Capability 

TTL Compatible 

Single +5V Power Supply 


Upward compatible with MC6845 


8 PIN ARRANGEMENT 


SYSTEM BLOCK DIAGRAM 


(Top View) 


в ORDERING INFORMATION 


CRT Display 
Timing 


HD6845SP 
НО68А455Р 
HD68B45SP 


3.7 MHz max. 


HD6845S, HD68A45S, HD68B45S 


в ABSOLUTE MAXIMUM RATINGS 
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нет Symbol Uni 


Supply Voltage — NN [03-70 
input Voltage — -03~ #70 


Operating Temperature -20- +75 


Storage Temperature a C MEER 17 чынынын - 55 ~ _________- ББ~+50 | 50 
With respect to Мас (SYSTEM GND) 


s: 


[NOTE] Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under recommended operating 


conditions. If these conditions are exceeded, it could affect reliability of LSI. 


RECOMMENDED OPERATING CONDITIONS 


item Г зуны | mn | t | me | 
see Vc | as | 5 | 525 "l 
Ми“ |___-о3 | - | 08 | 

Шашины Со 


Operating Temperature [€ ООО: | >= [ 5 ` 


* With respect to Vss (SYSTEM GND) 


ELECTRICAL CHARACTERISTICS 
DC CHARACTERISTICS (Vee = БУ + 5%, Vss = OV, Та = -20~+75 С, unless otherwise noted.) 


о А ние нг га шиг ш сэн 


Three-State Input Current | у" = 0.4 ~ 24V 
(off-state) те! Vec = 5.25М (бо О») 
! = -205 ЦА ~ 
Output “High” Voltage Мон 22 rin od od Эа 
| ОАО = -100 НА (Other Outputs) 


Output “Low” Voltage | Voc | Поло ВМА — 1 1 | - | - | 04 | 


Input Capacitance Cin 


Unit 
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е AC CHARACTERISTICS (Vcc = 5V +5%, Vss = ОМ, Та = -20~+75 C, unless otherwise noted.) 
1. TIMING OF CRTC SIGNAL 


Item || Symbol | Test Condition | min | typ | max | Uni 


Clock Cycle Time | 20 | - | - | 
Clock “High” Pulse Width Бе =з _ g0 |- | - | 
РМа 


Clock “Low” Pulse Width 


PWc. 
Rise andFall Time for Clock Input Low. |]. 20 | 


Memory Address Delay Time мар | Eze qp ЖЕСЕ 400. 7 
Raster Address Delay Time GE COMME Fig. 1 x - | - | 160 | 
DISPTMG Delay Time | tprp — | __- | - | 29 | 


CUDISP Delay Time БЕРГЕНШЕ o=- |l- | 20 


Horizontal Sync Delay Time 


[| tup | 
Vertical Sync Delay Time ___- |- | 250 | 
Light Pen Strobe Pulse Width || 60 | NE CNN 
Light Pen Strobe РОТ 
Uncertain Time of Acceptance 


2. MPU READ TIMING 


Test 
= Condition | min | typ | max | min | typ | max | min | typ | max 
Enable Cycle Time bryce | 10] — | |066| – | - | 05] - | - | 
Enable "High" Pulse Width [045 | - | - 10.280 - | - (1022 - | - | 
Enable "Low" Pulse Width [049| - | - [ав | - | - [02 | - |_-__ 


Enable Rise and Fall Time | | ter, ter „= ж р EN 
[ts | Fi 


Address Set Up Time 
Data Delay Time 


ter, tet | 

toon | NES 
Data Hold Time EN КЕЛЕКЕ НКТС ЕЕ НЕ ЕТЕ ЖШ ШИ 
Address Held Time tan OE ПИ eee е з = 
Data Access Time ЕСЕ Во = ЕА ВИНА БЕС ЕН 


3. MPU WRITE TIMING 


Tes 

la Symbol Condition | min | typ | max | min | зур | тах | min | typ | так. 
Enable Cycle Time ЕСЕН O | = 0661 = | — | ов = | = 
Enable “High” Pulse Width | РМЕн | (0451 — | = ГС — | — |022| — | = 
Enable "Low" Pulse Width _- | |оло | - [= [о | -_ 
Enable Rise and Fall Time | | ter, ter | ЕСЕ ЕСЕ Ыр. эре ы ыш ee 
Address Set Up Time tas | ‚мо — | 130 = > | 20 
Data Set Up Time ЕСТЕН о. = 
Data Hold Time ЕТЕНЕ | 10у | = aee zu ИТ 
Address Hold Time ТЕЙ 


Unit 


Unit 


us 
из 


ns 
ns 
ns 
ns 
ns 
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{ сусс 
2.0% 20V РМС 
0.8V 0.8V 0.8V 
CLK РМсн 
tcr tct 
04V 
МА, -МА,, 
{МАО 
2.4V 
0.4V 
RA, ~RA, 
0.4V 
DISPTMG 
0.4V 
CUDISP 
{соо їсро 
2.4V 
0.4V 
HSYNC 
VSYNC 
їн50 tHso 
tvsp tvso 


LPSTB 


This Figure shows the relation in time between 
CLK signal and each output signals. Output 
sequence is shown in Figs. 9 ~ 15. 


Figure 1 Time Chart of the CRTC 
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tLPD2 ІРО 


CLK In 0.8V 


LPSTB | 0.8V | 
ü ш 


When LPSTB rises in this period, 
Refresh Memory Address мез") 
is set into the light pen register. 


РОТ, ЧРО2: LPSTB'suncertain time of acceptance. 


Figure 2 LPSTB Input Timing & Refresh Memory Address that is set into the light pen register. 


PWE H 


2.0V 
0.8V 
E 
65 
R/W,RS 
tAH 
ТАСС iú 
2.4У 24V 
D,-D, ( | 
0.4V 04V 


Figure 3 Read Sequence 
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(ссе 


РМЕН 


ТА5 


CS 
R/W 2.0V 
RS (Address 
Register) 
0.8V 
RS 


(Control Register) 


2.0V 


0.8V 0.8V 


Figure 4 Write Sequence 


в SYSTEM DESCRIPTION 

The СКТС is a LSI which is connected with MPU and CRT 
display device to control CRT display. The CRTC consists of 
internal register group, horizontal and vertical timing circuits, 
linear address generator, cursor control circuit, and light pen 
detection circuit. Horizontal and vertical timing circuit generate 
КА РКА,, DISPTMG, HSYNC, and VSYNC. КА ~КА, are 
raster address signals and used as input signals for Character 
Generator. DISPTMG, HSYNC, and VSYNC signals are received 
by video control circuit. This horizontal and vertical timing 
circuit consists of internal counter and comparator circuit. 


Linear address generator generates refresh memory address МА, 
УМА: to be used for refreshing the screen. By these address 
signals, refresh memory is accessed periodically. As 14 refresh 
memory address signals are prepared, 16k words max are 
accessible. Moreover, the use of start address register enables 
paging and scrolling. Light pen detection circuit detects light 
pen position on the screen. When light pen strobe signal is 
received, light pen register memorizes linear address generated 
by linear address generator in order to memorize where light 
pen is on the screen. Cursor control circuit controls the position 
of cursor, its height, and its blink. 
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Усс Vss RES Rw E б5 rs 0:70, 


EIE 


Address Register 


& R/W Control 


CLK Character Counter аа Horizontal Displayed 
CK ; Register 
Horizontal Total 
Register 
Horizontal Sync 
Position Register 
CK Horizontal Syne 
| Width Counter —— 
CK Raster Counte RQ Maximum Raster 
(+32) mt Address Register 
| 
Line Counter Vertical Displayed | 
i pt (+128 ІШ СМР {нв Register 
CMP e = n Vertical Total 
VTOTAL Control = Б Register 
% 
R8 Me Vertical Total Adjust 
Mob d ЕСЕ 
' Skew 
5 am Ë 
| Width Counter(+16 Position Register 
ds | Start Address 
Linear Address [v— Register 
Generator 
K 
Cursor Start 
Raster Register 
па, 
НА, 
LPSTB. 


МА, -МА,, 


Figure 5 Internal Block Diagram of the СВТС 


HSYNC 


DISPTMG 


CUDISP 


VSYNC 
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в FUNCTION OF SIGNAL LINE 
The CRTC provides 13 interface signals to MPU and 25 
interface signals to CRT display. 


€ interface Signals to MPU 
Bi-directional Data Bus (Do —D;) 

Bi-directional data bus(Do^D;) are used for data transfer 
between the CRTC and MPU. Тһе data bus outputs аге 3-state 
buffers and remain in the high-impedance state except when 
MPU performs a CRTC read operation. 


Read/Write (R/W) 

R/W signal controls the direction of data transfer between 
the CRTC and MPU. When R/W is at “High” level, data of 
СЕТС is transfered to MPU. When R/W is at “Low” level, data 
of MPU is transfered to CRTC. 


Chip Select (CS) E 

. Chip Select signal (CS) is used to address the CRTC. When 
CS is at "Low" level, it enables R/W operation to CRTC internal 
registers. Normally this signal is derived from decoded address 
signal of MPU under the condition that VMA signal of MPU is at 
*High" level. 


Register Select (RS) 

Register Select signal (RS) is used to select the address 
register and 18 control registers of the CRTC. When RS is at 
"Low" level, the address register is selected and when RS is at 
"High" level, control registers are selected. This signal is 
normally a derivative of the lowest bit (A0) of MPU address bus. 


Enabie(E) 

Enable signal (E) is used as strobe signal in MPU R/W 
operation with the CRTC internal registers. This signal is 
normally a derivative of the HMCS6800 System Фа clock. 


Reset (RES) — 
Reset signal (RES) is an input signal used to reset the CRTC. 
When RES is at "Low" level, it forces the CRTC into the 
following status. 
1) All the counters in the CRTC are cleared and the device 
stops the display operation. 
2) All the outputs go down to “Low” level. 
3) Control registers in the CRTC are not affected and remain 
unchanged. 
This signal is different from other HMCS6800 family LSIs in the 
following functions and has restrictions for usage. 
1) RES signal has capability of reset function only when 
LPSTB is at "Low" level. 
2) The CRTC starts the display operation immediately after 
RES signal goes “High”. 


€ Interface Signals to CRT Display Device 
Character Clock (CLK) 

CLK is a standard clock input signal which defines character 
timing for the CRTC display operation. This signal is normally 
derived from the external high-speed dot timing logic. 


Horizontal Sync (HSYNC) 
HSYNC is an active "High" level signal which provides 
horizontal synchronization for display device. 


Vertical Sync (VSYNC) 
VSYNC is an active "High" level signal which provides verti- 
cal synchronization for display device. 


Display Timing (DISPTMG) 

DISPTMG is an active “High” level signal which defines the 
display period in horizontal and vertical raster scanning. И is 
necessary to enable video signal only when DISPTMG is at 
"High" level. 


Refresh Memory Address (МА ~ МА 3) 

МАМА: are refresh memory address signals which are 
used to access to refresh memory in order to refresh the CRT 
screen periodically. These outputs enables 16k words max. 
refresh memory access. So, for instance, these are applicable up 
to 2000 characters/screen and 8-page system. 


Raster Address (RAS — RA, ) 

КА ~ КА, are raster address signals which аге used to select 
the raster of the character generator or graphic pattern 
generator etc. у 


Cursor Display (CUDISP) 

CUDISP is an active “High” level video signal which is used 
to display the cursor on the CRT screen. This output is in- 
hibited while DISPTMG is at “Low” level. Normally this output 
is mixed with video signal and provided to the CRT display 
device. 

Light Pen Strobe (LPSTB) 

LPSTB is an active “High” level input signal which accepts 
strobe pulse detected by the light pen and control circuit. When 
this signal is activated, the refresh memory address (МА ~ 
МА,,) which are shown in Fig. 2 are stored in the 14-bit light 
pen register. The stored refresh memory address need to be 
corrected in software, taking the delay time of the display 
device, light pen, and light pen control circuits into account. 
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& REGISTER DESCRIPTION 


Table 1 Internal Registers Assignment 


Address : 
npe = шв 
Oe. УСТУ 
а = 
TSE сын аа _ БЕН 
о. оо 
рерна [ГЕ 
Horizontal Sync* 
Vertical-Raster, 
Character 
deep mm ls ee шиш 
| 
osition 
СО 
DELETE а с m __Е 
Maximum Raster EO 
Address ? 
DEMNM Cursor Start Raster Raster I 
NN \ 
os са = ka E 
_ NS NN 
N мл 5 
— B г 
Нм. 
ШЕ 
Cursor(H) \ NS 
иг” | - _|о о B 1. 
оова 1-1 
\ 


[NOTE] 1. The Registers marked е: (Written Value) = (Specified Value) - 1 
2. Written Value of R9 is mentioned below. 
1) Pele eon ke (Written Value Nr) = (Specified Value) - 1 
2) іптегізсе Sync & Video Mode 
(Written Value Nr) = (Specified Value) - 2 
3. CO and C1 specify skew of CUDISP output signal. 
DO and D1 specify skew of DISPTMG output signal. 
When S is “1”, V specifies video mode. S specifies the interlace Sync Mode. 
4. B specifies the cursor blink. P specifies the cursor blink period. 
5. wv0—wv3 specify the pulse width of Vertical Sync Signal. 
6 
7 


e 


о 


o 


e 


© 


© 


о 


о 


о 


о 


о 


о 


о 


o 


о 


о 


о 


o 


whO-wh3 specify the pulse width of Horizontal Sync Signal. 
. RO is ordinally programmed to be odd number in interlace mode. 
. O; Yes, x; No 
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е Address Register (AR) 

This is a S-bit register used to select 18 internal control 
registers (RO~R17). Its contents are the address of one of 18 
internal control registers. Programming the data from 18 to 31 
produces no results. Access to RO~R17 requires, first of all, to 
write the address of corresponding control register into this 
register. When RS and CS are at “Low” level, this register is 
selected. ` 


€ Horizontal Total Register (RO) 

This is a register used to program total number of horizontal 
characters per line including the retrace period. The data is 8-bit 
and its value should be programmed according to the specifi- 
cation of the CRT. When M is total number of characters, (M-1) 
shall be programmed to this register. When programming for 
interlace mode, M must be even. 


е Horizontal Displayed Register (R1) 

This is a register used to program the number of horizontal 
displayed characters per line. Data is 8-bit and any number that 
is smaller than that of horizontal total characters can be 


programmed. 


€ Horizontal Sync Position Register (R2) 

This is a register used to program horizontal sync position as 
multiples of the character clock period. Data is 8-bit and any 
number that is lower than the horizontal total number can be 
programmed. When H is character number of horizontal Sync 
Position, (H-1) shall be programmed to this register. When pro- 
grammed value of this register is increased, the display position 
on the CRT screen is shifted to the left. When programmed 
value is decreased, the position is shifted to the right. Therefore, 
the optimum horizontal position can be determined by this 
value. 
€ Sync Width Register (R3) 

This is a register used to program the horizontal sync pulse 
width and the vertical sync pulse width. The horizontal sync 
pulse width is programmed in the lower 4-bit as multiples of the 
character clock period. “0” cannot be programmed. The 
vertical sync pulse width is programmed in higher 4-bit as 
multiples of the raster period. When “0” is programmed in 
higher 4-bit, 16 raster period (16H) is specified. 


е Vertical Total Register (R4) 

This is a register used to program total number of lines per 
frame including vertical retrace period. The data is within 7-bit 
and its value should be programmed according to the specifica- 
tion of the CRTC. When N is total number of lines, (N-1) shall 
be programmed to this register. 


е Vertical Total Adjust Register (R5) 

This is a register used to program the optimum number to 
adjust total number of rasters per field. This register enables to 
decide the number of vertical deflection frequency more 
strictly. 


€ Vertical Displayed Register (R6) 

This is a register used to program the number of displayed 
character rows on the CRT screen. Data is 7-bit and any number 
that is smaller than that of vertical total characters can be 
programmed. 
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Table 2 Pulse Width of Vertical Sync Signal 


VSW | 

27 7 25 7 Pulse Width 

0 0 0 0 16H 

0 0 0 1 1 

0 0 1 0 2 

0 0 1 1 3 

0 1 0 0 4 

0 1 0 1 5 

0 1 1 0 6 

0 1 1 1 7 

1 0 0 0 8 

1 0 0 1 9 

1 0 1 0 10 

1 0 1 1 11 

1 1 0 0 12 

1 1 0 1 13 

1 1 1 0 14 

1 1 1 1 15 

Н; Raster period 

Table 3 Pulse Width of Horizontal Sync Signal 

HSW | 

23 2 2 2 Pulse Width 

0 0 0 0 — (Note): 

0 0 0 1 1 CH 

0 0 1 0 2 

0 0 1 1 3 

0 1 0 0 4 

0 1 0 1 5 

0 1 1 0 6 

0 1 1 1 7 

1 0 0 0 8 

1 0 0 1 9 

1 0 1 0 10 

1 0 1 1 11 

1 1 0 0 12 

1 1 0 1 13 

1 1 1 0 14 

1 1 1 1 15 


CH; Character clock period 
(Note) HSW = “0” cannot be used. 
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e Vertical Sync Position Register (R7) 

This is a register used to program the vertical sync position 
on the screen as multiples of the horizontal character line peri- 
od. Data is 7-bit and any number that is equal to or less than 
vertical total characters can be programmed. When V is charac- 
ter number of vertical sync position, (V-1) shall be programmed 
to this register. When programmed value of this register is in- 
creased, the display position is shifted up. When programmed 
value is decreased, the position is shifted down. Therefore, the 
optimum vertical position may be determined by this value. 


€ interlace and Skew Register (R8) 
This is a register used to program raster scan mode and skew 
(delay) of CUDISP signal and DISPTMG signal. 
Interlace Mode Program Bit (V, S) 
Raster scan mode is programmed in the V, S bit. 


Table 4 Interlace Mode (2! , 29) 


Raster Scan Mode 


| Non-interlace Mode 


Interlace Sync Mode 
Interlace Sync & Video Mode 


In the non-interlace mode, the rasters of even number 
field and odd number field are scanned duplicatedly. In the 
interlace sync mode, the rasters of odd number field are 
scanned in the middle of even number field. Then it is 
controlled to display the same character pattern in two 
fields. In the interlace sync and video mode, the raster scan 
method is the same as the interlace sync mode, but it is 
controlled to display different character pattern in two field. 


Skew Program Bit (C1, CO, D1, DO) 
These are used to program the skew (delay) of CUDISP 
signal and DISPTMG signal. 
Skew of these two kinds of signals are programmed 
separately. 


Table 5 DISPTMG Skew Ви (27, 2°) 


DISPTMG Signal 
Non-skew 
One-character skew 
Two-character skew 


оо 


Non-output 


Table 6 Cursor Skew Bit (27, 24) 


Non-skew 


Non-skew 
One-character skew 


Two-character skew 


оо 
— о =- о 


Non-output 


Skew function is used to delay the output timing of 
CUDISP and DISPTMG signals in LSI for the time to access 
refresh memory, character generator or pattern generator, 
and to make the same phase with serial video signal. 


€ Maximum Raster Address Register (R9) 

This is a register used to program maximum raster address 
within 5-bit. This register defines total number of rasters per 
character including space. This register is programmed as fol- 
lows. 

Non-interlace Mode, interlace Sync Mode 

When total number of rasters is RN, (RN-1) shall be 
programmed. 
interlace Sync & Video Mode 

When total number of rasters is RN, (RN-2) shall be 
programmed. 


This manual defines total number of rasters in non-interlace 
mode, interlace sync mode and interlace sync & video mode as 
follows: 


Non-interlace Mode 


0 Total Number of Rasters 5 

1 Programmed Value Nr = 4 

2 ин same as displayed | 
3 total number of газет 
4 —ə 

Raster Address 


Interlace Sync Mode 
0--------- TotalNumber of Rasters 5 
-------------- 0 Programmed Value Nr = 4 
DEPONERE QE In the interlace sync mode, 
2---- total number of rasters in 
3 both the even and odd fields 
4 


уунан нега 3 is ten. On programming, 
ctae au em qes 4 the half of it is defined as 
Raster Address total number of rasters. 
interlace Sync & Video Mode 
0 —— —— - Total Number of Rasters 5 
Е 1 Programmed Value Nr = 3 
ект кана 3 
4 


displayed in the even field 


Total number of rasters 
and the odd field. | 


Raster Address 


€ Cursor Start Raster Register (R10) 

This is a register used to program the cursor start raster 
address by lower 5-bit (29 —2^) and the cursor display mode by 
higher 2-bit (2° , 2°). 


Table 7 Cursor Display Mode (25, 27) 


B P Cursor Display Mode 
0 0 Non-blink 

0 1 Cursor No:-display 

1 0 Blink, 16 Field Period 
1 1 Blink, 32 Field Period 
Blink Period 


ы ыы ETRE IMMER IUNII GU ss. 
16 ог 32 Field Period 
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€ Cursor End Raster Register (R11) 
This is register used to program the cursor end raster address. 


€ Start Address Register (R12, R 13) 

These are used to program the first address of refresh 
memory to read out. 

Paging and scrolling is easily performed using this register. 
This register can be read but the higher 2-bit (25, 27) of R12 are 
always “0”. 


€ Cursor Register (R14, R15) 
These two read/write registers stores the cursor location. The 
higher 2-bit (25, 27) of R14 are always “0”. 


€ Light Pen Register (R16, R 17) 

These read only registers are used to catch the detection 
address of the light pen. The higher 2-bit (25, 27) of R16 are 
always “0”. Its value needs to be corrected by software because 
there is time delay from address output of the CRTC to signal 
input LPSTB pin of the CRTC in the process that raster is lit 
after address output and light pen detects it. Moreover, delay 
time shown in Fig. 2 needs to be taken into account. 


Restriction on Programming Internal Register 

1) OXNhd«Nht + 1 €256 

2) 0 < Муд < Ми + С 128 

3) 0 € Nhsp € Nht 

4) 0 € Мур < Му" 

5) 0 < NcsTART 5 МсЕМр < Nr (Non-interlace, Interlace sync 
mode) 
0 € NCSTART  NcEND © Nr + 1 (Interlace sync & video 
mode) 


6)2 5 мг < 30 
7) 3 5 Nht (Except non-interlace mode) 
5 € Nht (Non-interlace mode only) 


* In the interlace mode, pulse width is changed + raster time when 
vertical sync signal extends over two fields. 


Notes for Use 

The method of directly using the value programmed in the 
internal register of LSI for controlling the CRT is adopted. 
Consequently, the display may flicker on the screen when the 
contents of the registers are changed from bus side asyncronous- 
ly with the display operation. 
Cursor Register 

Writing into this register at frequent intervals for moving the 
cursor should be performed during horizontal and vertical 
retrace period. 
Start Address Register 

Writing into the start address register at frequent intervals for 
scrolling and paging should be performed during horizontal and 
vertical display period. 

It is desirable to avoid programming other registers during 
display operation. 


8 OPERATION OF THE CRTC 


€ Time Chart of CRT interface Signals 

The following example shows the display operation in which 
values of Table 8 are programmed to the CRTC internal 
registers. Fig. 6 shows the CRT screen format. Fig. 9 shows the 
time chart of signals output from the CRTC. 


5 Number of Horizontal Total Characters (Nht + E eR 


7 Number of Horizontal Displayed Characters (Nhd) как“ 


+ ya | 
~ Horizontal 
2 3 Retrace 
a m | Period 
5 e © 
° š | 8 
ZHE 
v Š | 8. 
с $ БЕ 
x F > 2 
$ Б 5 5 Display Period 
t| 38 
» Е 5 
© го 
3 
Е 
- 
2 


Vertical Retrace Period 


Vertical Total Adjust (Nadj) 


Figure 6 CRT screen Format 
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Table 8 Programmed Values into the Registers 


Register 


RO Horizontal Total 

R1 Horizontal Displayed 

R2 Horizontal Sync Position 
R3 Sync Width 

R4 Vertical Total 

R5 Vertical Total Adjust 

R6 Vertical Displayed 

R7 Vertical Sync Position 


Interlace & Skew 


[NOTE] Nhd«Nht, Nvd «Nvt 


The relation between values of Refresh Memory Address 
(МАс”-МА,, ) and Raster Address (КА, —RA,) and the display 
position on the screen is shown in Fig. 15. Fig. 15 shows the 
case where the value of Start Address is 0. 


€ interlace Control 

Fig 7 shows an example where, the same character is 
displayed in the non-interlace mode, interlace sync mode, and 
video mode. 
Non-interlace Mode Display 


Non-interlace Mode 


тв 
зн. дае — = мов ос 


------- ----- -------В 


interlace Sync 4 Video Mode 
(Total number of rasters in a line is even.) 


A 


[temere [ъз numm [o tunm 


line #0 


line #4 


Max. Raster Address Мг 
Cursor Start Raster 
Cursor End Raster 
Start Address (H) 0 
Start Address (L) 0 


Cursor (H) 
Cursor (L) 
Light Pen (H) 
Light Pen (L) 


In non-interlace mode, each field is scanned duplicatedly. 
The values of raster addresses (КА КА, ) are counted up опе 
from 0. 

Interlace Sync Mode Display 

In the interlace sync mode, raster addressed in the even field 
and the odd field are the same as addressed in the noninterlace 
mode. One character pattern is displayed mutually and its dis- 
played position in the odd field is set at 1/2 raster space down 
from that in the even field. 


Interlace Sync Mode 


0— ни НИНСиНЕР Ерни 
--ф-------+-----Ф-- 1 
2 


line #0 


іптегізсе Sync & Video Mode 
(Total number of rasters in a line is odd.) 


Figure 7 Example of Raster Scan Display 
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interlace Sync & Video Mode Display 

In interlace sync & video mode, the output raster address 
when the number of rasters is even is different from that when 
the number of rasters is odd. 


Table 9 The Output of Raster Address in 
Interlace Sync & Video Mode 
Number of 


Even Field 
Rasters in a Line 


Even Even Address 
Even Address 
Odd Line* Odd Address 


* Internal line address begins from 0. 


Total 
Odd Field 


Odd Address 
Odd Address 
Even Address 


1) Total number of rasters in a line is even; 

When number of rasters is programmed to be even, even 
raster address is output in the even field and odd raster address 
is output in the odd field. 

2) Total number of rasters in a line is odd; 

When total number of rasters is programmed to be odd, odd 
and even addresses are reversed according to the odd and even 
lines in each field. In this case, the difference in numbers of dots 
displayed between even field and odd field is usually smaller the 
case of 1). Then interlace can be displayed more stably. 
[NOTE] The wide disparity of dots between number of dots 

between even field and odd field influences beam 
current of CRT. CRT, which has a stable high-voltage 
part, can make interlace display normal. On the con- 
trary, CRT, which has unstable high-voltage part, 
moves deflection angle of beam current and also dots 
displayed in the even and odd fields may be shifted. 
Characters appears distroting on a border of the 
screen. So 2) programming has an effect to decrease 
such evil influences as mentioned above. Fig. 12 
shows fine chart in each mode when interlace is 
performed. 


€ Cursor Control 

Fig. 8 shows the display patterns where each value is 
programmed to the cursor start raster register and the cursor 
end raster register. Programmed values to the cursor start raster 
register and the cursor end raster register need to be under the 
following condition. 

Cursor Start Raster Register $ Cursor End Raster Register € 

Maximum Raster Address Register. 

Time chart of CUDISP output signal is shown in Fig. 13 and 
Fig. 14. 


в INTERFACE TO DISPLAY CONTROL UNIT 

Fig. 16 shows the interface between the CRTC and display 
control unit. Display control unit is mainly composed of 
Refresh Memory, Character Generator, and Video Control 
circuit. For refresh memory, 14 Memory Address line 
(0--16383) max are provided and for character generator, 5 
Raster Address line (07-31) max are provided. For video control 
circuit, DISPTMG, CUDISP, HSYNC, and VSYNC signals are 
sent out. DISPTMG signal is used to control the blank period of 
video signal. CUDISP signal is used as video signal to display the 
cursor on the CRT screen. Moreover, HSYNC and VSYNC 
signals are used as drive signals respectively for CRT horizontal 
and vertical deflection circuits. 


— 
O Ф ovo Q Pb ом — O 
ооо 400! b сом — O 


хэний. 


Cursor Start Address “ 9 
Cursor End Address « 9 


Cursor Start Address = 9 
Cursor End Address » 10 


— 
O Ф O мз Ф 0 t€) N — O 


Cursor Start Address = 1 
Cursor End Address = 5 


Figure 8 Cursor Control 


Outputs from video control circuit, (video signals and sync 
signals) are provided to CRT display unit to control the 
deflection and brightness of CRT, thus characters are displayed 
on the screen. 

Fig. 17 shows detailed block diagram of display control unit. 
This shows how to use CUDISP and DISPTMG signals. CUDISP 
and DISPTMG signals should be used being latched at least one 
time at external flip-flop F1 and F2. Flip-flop F1 and F2 
function to make one-character delay time so as to synchronize 
them with video signal from parallel-serial converter. High-speed 
D type flip-flop as TTL is used for this purpose. After being 
delayed at F1 and F2 DISPTMG signal is AND-ed with character 
video signal, and CUDISP signal is OR-ed with output from 
AND gate. By using this circuitry, blanking of horizontal and 
vertical retrace time is controlled. And cursor video is mixed 
with character video signal. 

Fig. 17 shows the example in the case that both refresh 
memory and CG can be accessed for horizontal one character 
time. Time chart for this case is shown in Fig. 20. This method 
is used when a few character needed to be displayed in 
horizontal direction on the screen. 
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Figure 16 Interface to Display Control Unit 


CUDISP 


VIDEO 


Refresh 
Memory 


DOT COUNTER 


Figure 17 Display Control Unit (1) 
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When many characters are displayed in horizontal direction 
on the screen, and horizontal one-character time is so short 
that both refresh memory and CG cannot be accessed, the 
circuitry shown in Fig. 18 should be used. In this case refresh 
memory output shall be latched and CG shall be accessed 
at the next cycle. The time chart in this case is shown in Fig. 
21. CUDISP and DISPTMG signals should be provided after 
being delayed by one-character time by using skew bit of 
interlace & skew register (R8). Moreover, when there are some 


troubles about delay time of MA during horizontal one- 
character time on high-speed display operation, system shown in 
Fig.19 is adopted. The time chart in this case is shown in Fig.22. 
Character video signal is delayed for two-character time because 
each MA outputs and refresh memory outputs are latched, and 
they are made to be in phase with CUDISP and DISPTMG 
signals by delaying for two-character time. Table 10 shows the 
circuitry selection standard of display units. 


Table 10 Circuitry Standard of Display Control Unit 


Relation among {сн, RM and CG 


tcu > RM Access + CG Access + tu Ap 


RM Access + tu Ap 2 {сн > RM Access 
{сн : CHCP Period; їмдр: MA Delay 


CUDISP 


CHCP-N 


DISPTMG 


CRTC 


Refresh 


CHCP-P 


RM Access + CG Access + tu Apo 2 {сн > RM Access + tMAD 


Interlace & Skew Register 
Bit Programming 


Block 
Diagram 


DOT COUNTER Osc 


Figure 18 Display Control Unit (2) 
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DISPTMG 
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Figure 19 Display Control Unit (For high-speed display operation) (3) 
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Figure 20 Time Chart of Display Control Unit (1) 
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Figure 21 Time Chart of Display Control Unit (2) 
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Figure 23 Time Chart of Display Unit (3) 


8 HOW TO DECIDE PARAMETERS SET ON THE CRTC 


€ How to Decide Parameters Based on Specification of CRT 
Display Unit (Monitor) 
Number of Horizontal Total Characters 
Horizontal deflection frequency fh is given by specification 
of CRT display unit. Number of horizontal total characters is 
determined by the following equation. 


- 1 

he ы ЕТ) 
where, 

с : Cycle Time of CLK (Character Clock) 

Nht : Programmed Value of Horizontal Total Register 

(RO) 
Number of Vertical Total Characters 
Vertical deflection frequency is given by specification of 

CRT display unit. Number of vertical Total characters is 
determined by the following equation. 
1) Non-interlace Mode 

Rt = (Ми + 1) (Nr + 1) + Мад) 
2) Interlace Sync Mode 

Rt = (Ми + 1) (Nr + 1) + Nadj + 0.5 
3) Interlace Sync & Video Mode 


+ 1) (Nr + 2) + 2Nadj 
proie Or ) СОЕ (а) 
po ма ва ажлыг над х ы аным. Бъд РРР (b) 


(a) is applied when both total numbers of vertical characters 
(Nvt + 1) and that of rasters in a line (Nr + 2) are odd. 

(b) is applied when total number of rasters (Nr * 2) is even, or 
when (Nr * 2) is odd and total number of vertical characters 
(Nvt * 1) is even. | 


where, 

Rt : Number of Total Rasters per frame 
(Including retrace period) 

Nvt Programmed Value of Vertical Total 
Register (R4) 

Nr : Programmed Value of Maximum Raster 
Address Register (R9) 

Nadj : Programmed Value of Vertical Total Adjust 
Register (R5) 


Horizontal Sync Pulse Width 

Horizontal sync pulse width is programmed to low order 
4-bit of horizontal sync width register (R3) in unit of horizontal 
character time. Programmed value can be selected within from 1 
to 15. 
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Horizontal Sync Position 

As shown in Fig. 24, horizontal sync position is normally 
selected to be in the middle of horizontal blank period. But 
there are some cases where its optimum sync position is not 
located in the middle of horizontal blank period according to 
specification of CRT. Therefore, horizontal sync position 
should be determined by specification of CRT. Horizontal sync 
pulse position is programmed in unit of horizontal character 
time. 


HSYNC J -————————— 


Figure 24 Time Chart of HSYNC 


Vertical Sync Pulse Width 

Vertical Sync Pulse Width is programmed to high order 4-bit 
of vertical sync pulse width register (R3) in unit of raster 
period. Programmed value can be selected within from 1 to 16. 


Vertical 
| Video Period | 


оветмо-- TT? 


Vertical Sync Position 

As shown in Fig. 25, vertical sync position is normally 
selected to be in the middle of vertical blank period. But there 
are some cases where its optimum sync position is not located in 
the middle of vertical blank period according to specification of 
CRT. Therefore, vertical sync position should be determined by 
specification of CRT. Vertical sync pulse position is pro- 
grammed to vertical sync position register (R7) in unit of line 
period. 


€ How to Decide Parameters Based on Screen Format 
Dot Number of Characters (Horizontal) 

Dot number of characters (horizontal) is determined by 
character font and character space. An example is shown in Fig. 
26. More strictly, dot number of characters (horizontal) N is 
determined by external N-counter. Character space is set by 
means shown in Fig. 27. 

Dot Number of Characters (Vertical) 

Dot number of characters (vertical) is determined by 
characters font and line space. An example is shown in Fig. 26. 
Dot number of characters (vertical) is programmed to maximum 
raster address (register R9) of CRTC. When Nr is programmed 


Vertical Vertical 
Blank | Video Period | 


"ET НИ 


VSYNC 


Figure 25 Time Chart of VSYNC 
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Horizontal Character 
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Dot Number of 
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Dot Number of Vertical Characters 13 


| Dot Number of Horizontal Characters 10 


7х9 Character generator is used. 


Figure 26 Dot Number of Horizontal and Vertical Characters 
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Figure 27 How to Make Character Space 


Horizontal Deflection Period (tp) = zla 


Horizontal Display Period 


fh 


Horizontal Retrace Period 


Number of Horizontal Displayed Characters 


Це 


MED Horizontal Character Time - 


Horizontal Display Period 


Number of Horizontal Displayed Characters 


Figure 28 Number of Horizontal Displayed Characters 


value of R9, dot number of characters (vertical) is (Nr*1). 
Number of Horizontal Displayed Characters 

Number of horizontal displayed characters is programmed to 
horizontal displayed register (R1) of the CRTC. Programmed 
value is based on screen format. Horizontal display period, 
which is given by specification of horizontal deflection fre- 
quency and horizontal retrace period of CRT display unit, 
determines horizontal character time, being divided by number 
of horizontal displayed characters. Moreover, its cycle time and 
access time which are necessary for CRT display system are 
determined by horizontal character time. 
Number of Vertical Displayed Characters 

Number of vertical displayed characters is programmed to 
vertical displayed register (R6). Programmed value is based on 
screen format. As specification of vertical deflection frequency 
of CRT determines number of total rasters (Rt) including verti- 


cal retrace period and the relation between number of vertical 
displayed character and total number of rasters on a screen is 
as mentioned above, CRT which is suitable for desired screen 
format should be selected. 

For optimum screen format, it is necessary to adjust number 
of rasters per line, number of vertical displayed characters, and 
total adjust raster (Nadj) within specification of vertical 
deflection frequency. 

Scan Mode 

The CRTC can program three-scan modes shown in Table 11 
to interlace mode register (R8). An example of character display 
in each scan mode is shown in Fig. 7. 
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Cursor Display Method 


Table 11 Program of Scan Mode | 
Cursor start raster register and cursor end raster register 


2 Main Usage (R10, R11) enable programming the display modes shown in 
Normal Display of Characters Table 7 and display patterns shown in Fig. 8. Therefore, it is 
Non-interlace sc Pistes possible to change the method of cursor display dynamically 
: according to the system conditions as well as to realize the 
Fine Display of Characters cursor display that meets the system requirements. 
| & Figures Start Address 
| Start address resisters (R12, R13) give an offset to the 
Interlace Sync iid ot Many Gharaeters address of refresh memory to read out. This enables paging and 
1 & Video & Figures Without Using scrolling easily. 
High-resolution CRT Cursor Register 


Cursor registers (R14, R15) enable programming the cursor 
| | display position on the screen. As for cursor address, it is not X, 
[NOTE] In the interlace mode, the number of times per Y address but linear address that is programmed. 


sec. in raster scanning on one spot on the screen 
is half as many as that in non-interlace mode, m EXAMPLES OF APPLIED CIRCUIT OF THE CRTC 


Therefore, when persistence of luminescence is Fig. 30 shows an example of application of the CRTC to 
short, flickering may happen. И is necessary to monochrome character display. Its specification is shown in 
select optimum scan mode for the system, taking Table 12. Moreover, specification of CRT display unit is shown 
characteristics of CRT, raster scan speed, and in Table 13 and initializing values for the CRTC are shown in 
number of displayed characters and figures into Table 14. 
account. 

Table 12 Specification of Applied Circuit 


Item Specification 
Character Format 5 x 7 Dot 
Character Space Horizontal : 3 Dot Vertical : 5 Dot 
One Character Time 1 us 
Number of Displayed Characters 40 characters x 16 lines = 640 characters 
Access Method to Refresh Memory Snychronous Method (DISPTMG Read) 
Refresh Memory 1 kB 


215 215 213 212 211 210 29 28 27 26 25 2° 23 2? 2! 20 


Refresh + * e ~ Ф P » . . 
Memory. 9 9 9:89 9 Q 
СВТС 
Address Мар Address 0 0 0 1 0 0 x x x x х х x x x 0 
Register 
CRTC 
Control 0 0 0 1 0 0 x х х х х х x x x 1 
Register 
х... don't саге, *... бог 1 
Synchronization Method HVSYNC Method == сыы 


Table 13 Specification of Character Display 


Item Specification 
Scan Mode Non-interlace 
Horizontal Deflection Frequency 15.625 kHz 
Vertical Deflection Frequency 60.1 Hz 
Dot Frequency 8 MHz 
Character Dot (Horizontal x Vertical) 8 x 12 (Character Font 5 x 9) 
Number of Displayed Characters (Row x Line) 40 x 16 
HSYNC Width 4 us 
VSYNC Width 3H 
Cursor Display Raster 9~ 10, Blink 16 Field Period 


Paging, Scrolling Not used 
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Register Name 
но Ne 
I 
R2 
R3 
R4 Vertical Total 
: 
R6 Vertical Displayed 
R7 Vertical Sync Position 
R8 
нө 
R10 Cursor Start Raster 
R11 Cursor End Raster 
R12 Start Address (H) 
R14 Cursor (H) 
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Table 14 Initializing Values for 


tc lus 
oe МКК арена: x 
21114. 


Cursor 
Figure 29 Non-interlace Display (Example) 


Character Display 


Symbol 


Nhd 
Nhsp 
Nvsw, Nhsw 


B, P, NcsTART 


Initializing Value 
Hex (Decimal) 


3F (63) 
28 (40) 
34 (52) 
34 

14 (20) 
08 ( 8) 
10 (16) 
13 (19) 
00 

0B (11) 
49 

ОА (10) 
00 (0) 
00 (0) 
00 (0) 
00 ( 0) 
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Differences between the HD6845R (Motorola MC6845 Compatible) and the HD6845S (Enhanced) 


uper 222 — 


Interlace Programming Character line address Character line address 
Sync Method | 
of Programming 
& number of unit for 
vertical жеее ————————— number of 
Video Mode characters vertical 


Display characters 


) Programming 
unit for 
number of 
vertical 
characters 


o 
» 
о 
O 


ос + O, Q + Q) N = 


In HD6845R, number of characters is vertically In HD6845S, number of characters is vertically 
programmed in units of two lines, as illustrated programmed in unit of one line, as illustrated 
above. (Number of vertical total characters, above. (Number of vertical total characters, 
Number of vertical displayed characters, Number of vertical displayed characters, 
Vertical Sync Position) Vertical Sync Position) 


Example of above figure . . . Example of above figure... 
Programmed number into Vertical Displayed Programmed number into Vertical Displayed 


Register - 5 Register — 10 


Number of Both even number and odd number can be 
raster per Only even number can be specified. specified. 


character Character Character 
line —— P — line address line address 


Number of raster 


Character 0 
line address 


0 
2 
4 
6 
8 
0 
2 
4 
6 
8 


оо » ~ ооо а һу о 
оло 00 » һу © 


Number of raster — 10 scanline (specified) 
When number of raster When number of raster 


However, number which is programmed into per character line per character line 
register is calculated as follows. is EVEN is ODD. 


Programmed number (Nr) Number of raster Number of raster 
— 10 scan line = 9 scan line 
(specified) (specified) 


= (Number specified) - 1 


However, number which is programmed into 
register is calculated as follows. 


Programmed number (NR) 
< (Number specified) - 2 


Cursor Cursor is displayed in either EVEN field or зар ээн in both EVEN field 
Display or ODO field. М d ЕЕ 


1 
ада EVEN number 


-- EVEN number 


—e6—e6—e—e—e— — EVEN number 


$8888 3 = ODD number 
-0- --Q-€-- 5 — ODD number 
-о-е-е-о-е- 3 -4——- ODD number 
-о-0-6-9-0-- 5 -«—— ODD number 


со © » ~ O фо Фф а mo 


= EVEN number 


- 5-— ODD number 
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HD6845S, HD68A45S, HD68B45S 


No. | тикти, _ нобвевн — 


Vertical Sync 
Pulse Width 


Fixed at 16 raster scan cycle (16H) 


Lg Fixed at 16 
| зсап сус!в 
VSYNC | | 


“БЫЦ 


Not used 


Programmable (1 - 16 raster scan cycle) 


Specified by 
вэ high order — 
4 bits of R3 


VSYNC | | 
БӨ | [| 


Vertical Sync Horizontal Sync 
Width Width 


SKEW capability is included in DISPTMG, 
CUDISP signals. 


(VSYNC output) 


| SKEW Function 


Horizontal Sync Width 


Not included 


Attached byte 


яв |сјејојој | |v is. 
— — 


CUDISP DISPTMG 


SEEN EN 080 


Not used 


Example of DISPTMG output 

—J АШ Not skewed 
One character skew 
Two character skew 


1 character time 
2 character time 


Start Address Register Write Only Read or Write 


RESET Signal (RES) 


MA, ~ М,» Output 
| ----- Synchronous reset 


MA? ~ МА,; Output, 


- ЙА, Output 


ВА. ~ RA, Output 


---- Asynchronous reset 


Other Outputs - ———— —- Asynchronous reset 


Other Outputs 


Output signals of МА, ~ МА,,, RA, ~ НА,, 
synchronized with CLK "LOW" level, go to 
"LOW" level, after RES has gone to "LOW." 
Other outputs go to "LOW" immediately after 
RES has gone to "LOW" level. 


Output signals of MA, ~ MA,,, ВА, ~ RA, and 
others go to "LOW" level immediately after 
RES has gone to "LOW' level. 


AC Characteristic Differences between HD6845R (Motorola MC6845 Compatible) and HD6845S (Enhanced) 


HD46505R HD46505S E 
Characteristic Difference Symbol СТАВЕНА typ. шах Unit 


EX Clock Pulse Width "High" PWen 150 — -- 130 -- - ns 

EN Clock Pulse Width "Low" PWc. 150 - - 130 - — п$ 

ЕШ Rise and Fall Time for Clock Input Tor, Tcr — — 20 ns 

UB Light Pan Strobe Pulse Width РИ. рн 60 — = ns 
d ee dan .. 5! Ассерїапсе Се | фра | ја 
Трог — — 10 - - 0 ns | 


Chapter 9 
Foldouts 


This chapter contains the foldout illustrations referenced throughout this 
service module. 
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Figure 9.1. Виз Interface Circuits 
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Figure 9.2. Video VO Ports 
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Figure 9.3. CRT Controller, Buffers, and Latches 
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Figure 9.5. Video RAM, Data Latches, Serial Output 
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Figure 9.6. Video Timing and Control Circuits, Part 1 
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Figure 9.7. Video Timing and Control Circuits, Part 2 
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Figure 9.8. Video Memory and І/О Address Decoders 
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Figure 9.9. Color Video Encoder and Synchronization 
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Figure 9.10. Video Output 
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МОТЕ5: 

1. ALL RESISTOR VALUES ARE IN OHMS (k = 1,000 M = 
1,000,000) ALL RESISTORS ARE 1/4-WATT, 5% UNLESS OTHER- 
WISE SPECIFIED. 


2. ALL CAPACITOR VALUES ARE IN „Е (MICROFARADS), UNLESS 
OTHERWISE SPECIFIED. 


3. REFER TO THE CIRCUIT BOARD COMPONENT VIEW FOR THE 
PHYSICAL LOCATION OF PARTS. 
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PARTS ORDERING INFORMATION: 


Wf you order а part from Zenith Data Systems, use the (HE) 
prefix. Example: 


HE 443-730 


If you order a part from Heath Company, DO NOT use the 
(HE) prefix. Example: 


443-730 


For semiconductor type numbers (Example: 74LS153), refer 
to the "Semiconductor Identification Chart." 


INDEX: 


Sheet 1 of 3 
2-309А COLOR VIDEO 


Sheet 2 of 3 
Z-309A COLOR VIDEO 


Sheet 3 of 3 
Z-309A COLOR VIDEO 


585-59-01 
Z-309A COLOR VIDEO 


SHEET 1 OF 3 


ар ее 


0352 0336, 
(1510 931! (== 

! 

| 

! 

| 


U36 
U355,U332,U 556 


0312,0308 
0514, 0369 
U312,U314,U308, 0309 
1518,95 36,U315,U3i6 
9344 


VER) BAIB 


и. 443-934 


VMEMSEL 13 


1222 444-231 
0562 444-287 


er 9 
° 
1323 8 — l/ORDY ГА 
dra зр 4% 
о CPUAXS б 
055! 


КЕ5ЕТ 


я DACK Ø 


445-780 


ЕТ в | 


443-875 


d ЗГ 
023 2—7“ > usi2,u353,03950354,U328,U369 


445-45 


4ч3- 875 


С 
921 : : 
42 ј 5 yzi pze U356 


885-875 


+5VDC 
ка T 
R #9 RAQ ши 
C буцдаг 0521 , i 
443-1051 
me U338 
1 ШЫ Б COMPSYNC клы 


VID 

9349 EO EN шШ» ID U324 1325 
ВРЗ! 
ridi (3575 VIDEO ОМ 3, 


U337 5» 5 YNC | : : 2277 
зан ee 443-775 
оз 


CURSOR 
7 
sor 0521 
2 ЧЧ5-1051 
Нәзір m 5 ECLK U337 
U344 
443- 105] 
изв! > 808 _ 50 д 
суд IOAXS | 
BIOW ч 
ри q 443-816 
443-755 
(859 ВА? Try un 
030! 
и Е ЁО 
+5VDC 
540 2 47 KR 
useg > BAS 


usee>-BA7 
изв@`>-5^® Yo |р5--35-308 - хөд 
11359 ВАЧ І ҮІ өш SEL 3097 0350 
0303 үг| 55-38 ЗбА 7,323 0351 
ВАЗ 2 SEL3DB 0336 
BA2 || 5ЕСЗОС 
9330 
0359 RS Ра 
BAD «b ue n е Bs 0538 
ын Sa 155 (1338 
А 035» COLORSEL 2 
| 
| U3495-BW 3 О 214517 
443-775 443-780 0549 ENABLE BLINK 17 age 
BGNDI 9 
14559 2-309А COLOR VIDEO 
U34 CS БАНК 9 


м 5  L- 6-1]. 27222 | В ус х 


U305,U348,U328 
443-84 


шин CURSOR DLY 


os 
~ 
оу 
+ 6 Russe 
ан 187 G=, sss 
EY 
ко 
77 


0326 444-232 


0317 443-877 


U329 ччз-втт 
a 
Б 


0525 444-234 
2> 


м р T 


145-1958 
Used» y 7 DOTS epors 4 ДЕЛЕН 17 TENUERE ШИЛНИЙ — 
аи EEA 3 E T АНАНД АЦА 
т 
05285) v 10075 Mi ELO quy MET rui ИЙ саң ee 
H 
U333 ome 
U33 у из міо 
352 354 546 349 351 353 (547 
R319 VHIB өз SepF 56pF S6pF 12) 12 56рЁ 10) 
DCL 
7 
030 и 
m a мс š 
ҮНІВ OI Ог O3 O4 5] +РМ D 
R319 R323 Del ои os CONNECTOR 
OPTIONAL 1307 +5V " 2304 
VIDEO 
INPUT H. SYNC 
CONNECTOR Л х 17 POLARITY \7 N +5V 
Зиа $ на Гр ТАШ: 58 1309 3B. 
к) 
/ 4 443-891 443- f8d 345 346 
2303 | 8|--мс он Te D 
го 
> R322 
Ë 1308 HS WN 
VIDEOSEL Mi, М. SYNC 
035? ! POLARITY 
ҰЗ № "BIN ЯГ 1508 cv N22 h 
343 544 
IT e 
COMPSYNC 


1505 MACHINES 
INTERNAL 
H. SYNC 
4 
445-804 B MONITOR 
B CONNECTOR 
mr 
В os ме pad 
+ 2 114306 БА 
O Ó С INTERNAL R32Ø n 
= + | V SYNC оу h^ V 
POLARIT Y 
L3ly 
2 
n» 1! 10 t + 
555 340 C339 
Дам 1.О ИЕ M 
V 
45V ! + 
RP3@2 
5900 
nu | 
2 R302 5 


2N39DY 


CONTRAST 


SEL3DC 


8541 : 0563 
445-467 445-1090 


(305 v, 


R307 $ 120 7 


"> 2М540Ч 
1 0505 3309 
КЗ! (327 
©) VIDEO 
exp 470 г.гин 
"т A qe V7 CHASSIS 
GROUND 
A | | 


Ни 1N6265 


9346 О 


585-59-01 
Z-309A COLOR VIDEO 


SHEET 3 OF 3 
p | dox p o 2 v qf ИУ j 4 мех 


SERVICE MODULE 
Power Supply 


Z-100 PC Series Computers 


860-45 


pd data 
systems 


The purpose of this page is to make sure that all service bulletins are 
entered in this manual. When a service bulletin is received, annotate the 
manual and list the information in the record below. 


Hecord of Service Bulletins 


SERVICE CHANGED PURPOSE OF SERVICE 
BULLETIN PAGE(S) BULLETIN 
NUMBER 


LIMITED RIGHTS LEGEND 
Contractor is Zenith Data Systems Corporation of St. Joseph, Michigan 49085. The entire 
document is subject to Limited Rights data provisions. 


Copyright ©1984 Zenith Data Systems Corporation, all rights reserved. 
Printed in the United States of America 


Zenith Data Systems Corporation 
St. Joseph, Michigan 49085 


INITIALS 


Contents 


Record of Service Bulletins 1 
Figures iii 
Abbreviations V 
Chapter 1 Introduction and Specifications 
MIOUN ти та а ae веќе айма РРР Де and а e е 1.1 
ӘЙЕСІПСӘПӘЙӘ: 1a ia ората ма ето о алла | 1.1 
Chapter 2 Configuration 
Chapter 3 Theory of Operation 
ИЗ ПОСИСНО Йо го, га u cua вовите в оре AGRE SORE Gee oe RE wes Фи воо 3.1 
QUIDUIS ела ано Ро ре әл 
Power Süpply Good (PSG) папа х уха зек еке еке кета du 
Орегапоп ar No БОай i seus М пок у с" Т ТЕКЕ 33 
Chapter 4 Troubleshooting 
Figures 
2.1 Power Supply Rear Мей so» ret aoo Reed а e Od en AC 2.1 
34 - Power Supply ШИГ uy гэ лал жуук» EE E WA качи CEA 32 


41 Power Supply Сорлесюга ц;,5%4 века eee weak аса ак 4.1 


Abbreviations 


Canadian Standards Association 
Federal Communications Commission 
Kilohertz 

millisecond 

millivolt 

Power Supply Good 

Transistor- Transistor Logic 
Underwriters Laboratories 
Voltage Alternating Current 
Voltage Direct Current 

German Engineers Association 


Chapter 1 
Introduction and Specifications 


Introduction 


WARNING: Do not attempt to service the power supply. Serious or fatal 
injury may result. 


This module provides information on the power supply. The power supply 
as a unit is NOT SERVICEABLE. The power supply contains proprietary 
information. Therefore, there is no disassembly, parts list, reassembly, 
or schematic included with this module. The specifications for the power 
supply are listed below. 


Specifications 

Part Number: HE 234-434. 

AC Input: 100-130 VAC, 60 Hz. 
200-260 VAC, 50 Hz. 
Switch selectabie. 

DC Outputs: +5 V (+3%), + 12 V (+5, -4%), 
—12V (45, - 4%). 

Temperature Range: 10 to 32?C. 


47 to 89°F. 


Chapter 2 
Configuration 


Refer to Figure 2.1 while reading the following. 


The voltage switch at the rear of the computer is located through the 
small window on the power supply that is covered with plastic. The voltage 
switch is normally set for 115 VAC. If this computer is to be operated 
on 240 VAC line voltage, use a small-bladed screwdriver and break the 
plastic window over the 115 VAC position of the switch. Then slide the 
switch so that 240 VAC is visible on the switch. Connect the appropriate 
line cord. 
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Figure 2.1. Power Supply Rear View 


POWER SUPPLY 


Спарїег 3 
Theory of Operation 


Introduction 


Refer to Figure 3.1 while reading the following. 


The power supply provides regulated voltages used by the various compo- 
nents within the Z-100 PC Series Computers. The power supply is located 
toward the rear and to the right of the chassis, and uses a quasi square 
wave switching regulator to produce three regulated output voltages. This 
unit complies with FCC, VDE, CSA, and UL regulations. 


Outputs 


All outputs from the precision-regulated power supply are electrically iso- 
lated from the main voltage and share a common ground, which is the 
chassis of the power supply. 


The voltages output to disk drive connectors P1 and P2 have special 
requirements for output ripple frequency components in the frequency 
range of 60 to 120 KHz. To obtain these low levels, a low pass filter 
is added to the regular output leads of P1 and P2. The output ripple is 
measured with an oscilloscope with a bandwidth of 3 KHz. Component 
frequency of the output ripple of the 5-volt or 12-volt outputs should NOT 
exceed 2 mV peak between the frequencies of 60 KHz to 120 KHz. Con- 
nector P3 supplies the output voltages to the backplane board. 
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Theory of Operation 


81 
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Figure 3.1. Power Supply Output 
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Theory of Operation 


Power Supply Good (Рза) Signal 


The PSG logic signal is an open collector TTL-compatible output which 
is used by external circuits to determine if the output voltages are valid 
and within specification. Upon power up, PSG shall remain high until all 
the DC output voltages stay within specification for a minimum of 70 to 
130 ms, after which time PSG will go low. If any voltage is not within 
this normal limit plus 196 of nominal voltage (refer to Specifications), PSG 
will go high. PSG will not return to a low condition until outputs have 
met the same conditions as those required at initial power application. 


Operation at No Load 


The power supply is capable of operating under the adverse condition 
of no load without damage. If the power supply shuts down, it will require 
a manual reset by turning the power supply off, waiting 5 seconds, and 
then turning it back on. The output voltage may seek a value between 
ground and 5096 over nominal. Output voltages will not exceed the peak 
rating of the output circuit components. 


Спарїег 4 
Troubleshooting 


Refer to Figure 4.1 while reading the following. 


Measure the power supply outputs with the disk drive connectors discon- 
nected, and connector P3 connected to the backplane board. Measure 
the voltages at the test points on the backplane board, and refer to Figure 
4.1 for the power supply voltages. 


Measure the ripple voltage with an oscilloscope. If the power supply volt- 
ages are normal, measure the voltage with the disk drives connected. 
This will indicate if the circuit cards or disk drives are loading down the 
power supply. 


WARNING: The load resistors listed below generate heat. Use caution 
to avoid burns. 


NOTE: Voltages may not be within tolerance. The correct loads for the 
output voltages are: +5 V at 4 Amps (1.25-ohm resistor rated at 20 watts 
or greater), + 12 V at 1 Amp (12-ohm resistor rated at 12 watts or greater), 
and — 12 V at 250 mA (50-ohm resistor rated at 3.5 watts or greater). 
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Figure 4.1. Power Supply Connectors 
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Chapter 1 
Description and Specifications 


Introduction 


This service module provides keyboard information for the Z-150 PC Desk- 
top Computer and the Z-160 PC Portable Computer. This chapter includes 
the description and specifications of the keyboard. 


Description 


Refer to Figure 1.1. The keyboard is packaged in a low-profile enclosure 
with a tilt adjustment for 5-degree (Z-150 only) or 15-degree orientations. 


Figure 1.1. 27-150 Desktop Computer Keyboard 
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Description and Specifications 


Refer to Figure 1.2. The keyboard contains 83 keys laid out in three major 
groupings. The central portion of the keyboard consists of a standard 
(QWERTY) typewriter keyboard layout. On the left side, arranged as a 
2 х 5 block, are 10 function keys. These keys are user-defined by soft- 
ware. On the right side is a 16-key, keypad area. This area also is defined 
by software, but contains legends for the functions of numeric entry, cursor 
control, and calculator pad screen edit. 


as ЈЕ JEE E E E Je Je Ja нас ГЭ 
Break 

>; 7 

= J | Ноте 

33 x “БЕЕГЕРЕЕТТ ІШ 

<- 

| Z | 2. 2 Enter 

3 Е 1 0 181 Je JE Ї je її. 


22) 


| О 
F 10 Alt Caps Lock 
N Ins 


Figure 1.2. Keyboard Key View 
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Description and Specifications 


The keyboard interface is defined so system software has the maximum 
flexibility in defining keyboard operation. This is accomplished by having 
the keyboard return specific hexadecimal (hex) codes rather than ASCII 
codes. In addition, all keys except control keys can be event driven and 
generate both make and break codes. For example, key 1 produces 
hexadecimal 01 when pressed and hexadecimal 81 when released. The 
keyboard input/output (I/O) driver can produce code either with or without 
control keys (SHIFT, CTRL, ALT) pressed, or under event driven condi- 
tions, as required by the application. 


Specifications 
Keys: 84 keys 
Modes: Extended function capabilities 
Microprocessor: 8748 microcomputer or 8048 or 
8031 (8048 emulator) 
Operating Environment: 60? to 90?F (16? to 32°С) 
10 to 8096 relative humidity 
Contacts: Single-pole, single-throw 


Maximum Ratings: T 5 VDC, 100 mA 


Chapter 2 
Installation and Configuration 


Installation 


Refer to Figure 2.1. The keyboard is attached to the Z-100 PC Series 
Computers via a coiled serial interface cable connected to the rear of 
the CPU card. 


`` KEYBOARD 
S RI 


= 


Figure 2.1. Keyboard Installation 


NOTES: 

1. Тһе floppy disk serial I/O card may or тау not have two serial connec- 
tors as shown in Figure 2.1. 

2. Тһе three-card computer design combines the floppy disk serial 1/О 
card with the video card and will have one serial connector, one 
RGB connector, and one composite-monochrome video out jack (not 
illustrated). 

3. Тһе two-card computer design combines the memory-parallel output 
card with the CPU card. This new card (also not illustrated) will have 
the parallel connector and the keyboard connector on it. 
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Installation and Configuration 


Configuration 


The keyboard cable is a coiled, shielded, five-wire cable. The cable inter- 
face contains power (+ 5 VDC), ground, two bidirectional signal lines, and 
a keyboard reset line (disabled). The cable is either permanently attached 
at the keyboard end and plugs into the CPU via a DIN connector, or 
is separate from the keyboard depending on the model (refer to "Parts 
List," Chapter 9). 


Chapter 3 
Operation 


Keyboard Codes 


The keyboard sends hex codes to the CPU card. Refer to Table 3.1 for 
the list of hex codes corresponding to the key(s) pressed. 


For most keys, the value received will be the least-significant byte of the 
key code shown in the table. For instance, 2C7AH would be received 
as 7AH. 


However, keys where the least-significant byte is O will generate two bytes, 
the first having a value of zero (0) to indicate a special key and the second 
being the code of the key itself. Thus, function key F10 (which generates 
7100H in hardware) will generate ООН followed by 71H. 


The table is arranged as follows: main keyboard by row, followed by func- 
tion keys in order. 


Table3.1. Keyboard Codes (Hardware) 


KEY SHIFTED SHIFTED CONTROL АГ CAPS LOCK 
ESC 011BH 011BH 011BH ----- 011BH 
| 
0231Н 0221Н  --- 7800H 0231H 
ч 0332H 0340H 0300H 7900H 0332H 
4 0433Н 0423H  --- 7A00H 0433Н 
: 0534Н 0524H  ---- 7В00Н 0534Н 
% 
: 0635Н 0625Н  --- 7С00Н 0635H 
Ц 0736Н 075ЕН 071ЕН 7роон 0736H 
7 0837H 0826H . ----- 7ЕООН 0837H 
я 0938H 092AH -- 7FOOH 0938H 
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Operation 


Table 3.1 (Continued). 


BACK SPACE 


\ 


МОМ1СК 
SCROLL LCK 
BREAK 


= 
махан лс ин (Шш зуя 


I 
О 
< 
rm 


8 

(up arrow) 
9 

PGUP 


CTRL 
A 
S 
D 


NOT 


SHIFTED 


ОАЗЭН 


OB30H 


OC2DH 


орзрн 
ОЕОВН 


SHIFTED 


ОА28Н 


OB29H 


ОСБЕН 


Keyboard Codes (Hardware) 


CONTROL ALT 


8000H 


8100H 


8200H 


CAPS LOCK 


ОАЗЭН 


OB30H 


0C2DH 


4737H 


4838H 


4939H 
4A2DH 


1E41H 
1F53H 
2044H 


Раде 3.3 


Operation 
Table 3.1 (Continued). Keyboard Codes (Hardware) 
NOT 
KEY SHIFTED SHIFTED CONTROL ALT CAPS LOCK 

F 2116H 2146H 2106H 2100H 2146H 

G 2267H 2247H 2207H 2200H 2247H 

H 2368H 2348H 2308H 2300H 2348H 

d 246AH 244AH 240AH 2400H 244AH 

K 256BH 254BH 250BH 2500H 254BH 

L 266CH 264CH 260CH 2600H 264CH 

| 273BH 273AM -- 00 ---- 273BH 

i 2827H 2822H — -- o 2827H 
RETURN 1CODH 1CODH 1C0AH --- 1CODH 

4 
(left arrow) 4BO0H 4B34H 7300H (Note 5) 4B34H 

5  — 4C35H --- (Note 5) 4C35H 

6 
(right arrow) 4роон 4D36H 7400H (Note 5) 4D36H 

+ 4E2BH 4E2BH -- ----- 4Е2ВН 
(left) SHIFT | --  --- eee 

2 2С7АН 2С5АН 2C1AH 2С00Н 2С5АН 

Х 2078Н 2058Н 2018Н 2роон 2058Н 

С 2E63H 2E43H 2E03H 2ЕООН 2Е43Н 

V 2F76H 2F56H 2F16H 2F00H 2F56H 

B 3062H 3042H 3002H 3000H 3042H 

N 316EH 314EH 310EH 3100H 314EH 

M 326DH 324DH 320DH 3200H 324DH 

< 

; 332CH ЗЗЗСН  . -- ---- 332CH 

| 342ЕН 343EH ---  — 342EH 

? 

/ 352FH 353FH -- wee 352ЕН 
(right) SHIFT -- | -- о 
PRT SC 

т 372АН (Note 1) 7200Н — --- 372АН 

| 
ЕМО 4FOOH 4F31H 7500H (Note 5) 4F31H 

2 
(down arrow) 5000H 5032Н --- (Note 5) 5032Н 

3 
PGDN 5100H 5133H 7600H (Note 5) 5133H 
ENTER 540DH 540DH 540AH — --- 540DH 
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Operation 


Table 3.1 (Continued). 


Keyboard Codes (Hardware) 


NOT 
KEY SHIFTED SHIFTED CONTROL ALT CAPS LOCK 
ALT  —— LLL — 
| 
| 2B5CH 2B7CH ген. -- 2B5CH 
(space bar) 3920H 3920H 3920H 3920H 3920H 
CAPSLOCK | -—— — eee я 
0 
INS 5200H 5230Н === (Note 5 5230H 
DEL 5300H 532EH — --  — 532EH 
F1 3B00H 5400H 5E00H 6800H 3B00H 
F2 3C00H 5500H 5F00H 6900H 3C00H 
F3 3D00H 5600H 6000H 6A00H 3D00H 
F4 3E00H 5700H 6100H 6B00H 3E00H 
F5 3F00H 5800H 6200H 6C00H 3F00H 
F6 4000H 5900H 6300H 6D00H 4000H 
F7 4100H 5A00H 6400H 6E00H 4100H 
F8 4200H 5B00H 6500H 6F00H 4200H 
F9 4300H 5C00H 6600H 7000H 4300H 
F10 4400H 5D00H 6700H 7100H 4400H 
NOTES: 


1. Pressing SHIFT-PRT SC will cause the contents of the screen to be sent to the 


printer. 


2. Pressing CTRL-NUM LCK will temporarily halt the execution of a program. 


3. Pressing CTRL-BREAK will halt the execution of a program and exit back to the 
system. This key sequence sends a special code of 0000H. 

4. Pressing ALT-BREAK will empty the keyboard (type ahead) buffer. 

9. This function is used for entering special keycodes. If you want to enter a special 


keycode, press and hold the ALT key, and then enter the three-digit keycode (in 
decimal) on the numeric (calculator) portion of the keyboard. When you release 
the ALT key, the desired code will be generated. For example, to generate the 
hexadecimal code 7B (decimal 123), press and hold the ALT key, then enter 1, 
2, and 3 on the calculator portion of the keyboard, then release the ALT key. The 
actual code generated will be preceded by 38H, the scan code of the ALT key. 
Therefore, the complete generated code for ALT-123 is 387BH. 
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Operation 


Special Function Key Combinations 

The following key combinations are used for special purposes by the com- 
puter firmware (MFM-150 monitor ROM). 

CTRL-ALT-DEL: Resets the computer. 

CTRL-ALT-INS: Returns control to the MFM-150 monitor. 


CTRL-ALT-RETURN: Enters the MFM-150 monitor debug program and 
displays the CPU register contents. 


ESC: Aborts booting of disk. 


Chapter 4 
Theory of Operation 


Introduction 


This chapter includes a brief theory of operation. If a more detailed circuit 
description is desired, refer to Chapter 5 of this module. 


Theory of Operation 


Refer to Figure 4.1. The keyboard uses а microcomputer (Intel 8048) per- 
forming the keyboard scan functions. Additional keyboard functions are: 
key debounce, buffering of up to 256 key scan codes, maintaining bidirec- 
tional serial communications with the CPU, and executing the handshaking 
protocol required by each code transfer. 


PROGRAM DATA 
CLOCK MEMORY MEMORY 
CPU 


EVEN! Ex 
EVENT 
COUNTER LINES 


Figure 4.1. Keyboard Block Diagram 


Chapter 5 
Detailed Circuit Description 


Introduction 


This chapter provides a detailed circuit description and pin definitions of 
the microcomputer. Refer to the schematic while reading the following. 


Circuit Description 


The keyboard is a strobe scanning keyboard, controlled by microcomputer 
U107. U107 performs keyboard matrix scanning, setting and resetting of 
LEDs, actuation of the audio transducer, and serial communication with 
the computer. 


All keys except NUM LCK (key 69) and CAPS LOCK (key 58) are config- 
ured in a general matrix consisting of 11 scan lines and 8 sense lines. 
A keyswitch and diode are arranged at each crossover point. The diodes 
prevent the generation of phantom keys due to multiple closures. 


A 6.00 MHz crystal is connected between XTAL and XTAL 2 for the internal 
control and timing references of U107. Capacitors C1 and C2 are used 
for stability purposes. 


Port bits P10 (LSB) through P13 (MSB) of U107 control the scan lines. 
The port bits drive U105 and U106 (dual one-of-four decoders) with the 
selected scan line being driven low. After setting a scan line, the sense 
lines are checked for a key closure. 


Resistors R9 through R16 are used for pull-ups of the sense lines. The 
active low sense lines are buffered by U103 and U104 to provide static 
immunity for the microprocessor which is a NMOS device. The sense 
lines are read by bits DO through D7. 


The outputs P23 and P24, when directed by U107, are driven by U101, 
lighting the NUM LCK LED (key 69) and CAPS LOCK LED (key 58). 
Resistors R1 and R2 are LED bias resistors. 


Port bit P22 drives the audio transducer, with U101 and R4 providing 
the current path. Diode D1 is used as a current shunt and R3 is the 
bias resistor. . 
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Detailed Circuit Description 


U102 buffers the input/output data and clock. Resistors R5 and R6 are 
pull-up resistors for U102. Capacitors C3, C4, and C5 are line filters. 


The KYBRST™ line is tied high through resistor R7, thereby eliminating 
a keyboard hard reset. 


J1 provides jumper selectability of either masked ROM (8048) or EPROM 
(8748) versions of U107. Production keyboards are jumpered for masked 
ROMs. 


The filter of C6 through C14 provides the required filtering of the +5 
VDC input. 


Power of approximately 5 VDC is applied to the keyboard through pin 
ja 


Table 5.1. 8048/8748 Pin Definitions 


DESIGNATION PIN DESCRIPTION 


Vss 20 Circuit GND potential 

Vdd 26 Low power standby pin 

Vcc 40 Main power supply; + 5 V during operation 
PROG 25 Output strobe for /О expander 

P10— P17 27-34 8-0 quasi-bidirectional port 

Port 1 

Р20-27 21-24 8-bit quasi-bidirectional port 

Port 2 


35-38 Р20-Р23 contain the four high order program counter bits 
during an external program memory fetch, and serve as a 
4-bit /О expander bus for the 8243. 


Table 5.1 (Continued). 


DESIGNATION 


DBO — DB7 
BUS 


z 
= 


ALE 


PIN 


12-19 


39 


10 


11 
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Detailed Circuit Description 


8048/8748 Pin Definitions 


DESCRIPTION 


True bidirectional port which can be written or read synchro- 
nously using the RD, WR strobes. The port also can be stati- 
cally latched. Contains the 8 low order program counter dur- 
ing an external program memory fetch, and receives the ad- 
dressed instruction under the control of PSEN. Also contains 
the address and data during an external RAM data store 
instruction, under control of ALE, RD, and WR. 


Input pin testable using the conditional transfer instructions 
JTO and JNTO. TO can be designated as a clock output using 
ENTO CLK instruction. 


Input pin testable using the JT1 and JNT1 instructions. Can 
be designated the timer/counter input using the STRT CNT 
instruction. 

Interrupt input. Initiates an interrupt if interrupt is enabled. 
Interrupt is disabled after a reset. Also testable with condi- 
tional jump instruction. (Active low.) 


Output strobe activated during a BUS read. Can be used 
to enable data onto the bus from an external device. 


Used as a read strobe to external data memory. (Active low.) 


Input which is used to initialize the processor. (Active low.) 
Output strobe during a bus write. (Active low.) 

Used as a write strobe to external data memory. 

Address latch enable. This signal occurs once during each 


cycle. The negative edge of ALE strobes addresses into ex- 
ternal data and program memory. 
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Detailed Circuit Description 


Table 5.1 (Continued). 8048/8748 Pin Definitions 


DESIGNATION PIN DESCRIPTION 


PSEN 9 Program store enable. This output occurs only during a fetch 
to external program memory. (Active low.) 


SS 5 Single step input can be used in conjunction with ALE to 
"single step" the processor through each instruction. (Active 
low.) 

EA 7 External access input which forces all program memory 


fetches to reference external memory. Useful for emulation 
and debug, and essential for testing and program verifica- 
tion. (Active high.) 


XTAL1 2 One side of crystal input for internal oscillator. 


XTAL2 3 Other side of crystal input. 


NN  -Cw-—a al k -wwwwwIo FI I II DM АА n EE" | | || 


Chapter 6 
Disassembly 


Disassembly Procedure 


The following is the disassembly sequence for the keyboard. Refer to 
Figure 6.1. The Z-160 disassembly sequence is similar; for an accurate 
representation refer to Figure 9.2. 


Place the keyboard face down on a soft cloth. 
Remove four 6 x 3/8" screws and bottom panel. 
Remove six 6 x 1/4" screws and two washers. 


Remove rubber strain relief (keyboard cable connector in the Z-160) 
from slot. 


Remove wired keyboard. 
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Disassembly 


*6x3/8" BLACK 
SELF-TAPPING 
SCREW 


ЖУ A 
ж 


% А ЖУУ thes, ж 
> жу; 
ЖУУ, — 4  % %Ұ 
/ > ИРА РА 
и ҰЙ? Af 


CUTOUT 
*6x1/4" BLACK „У 


SELF-TAPPING KEYBOARD 
HEX HEAD 77 


*444-238- 12 QU 


= 
ic РХ N 


Figure 6.1. Keyboard Disassembly 


Chapter 7 
Troubleshooting 


The microcomputer in the keyboard performs several functions when re- 
quested by the CPU, including a power-on self-test. This diagnostic CRC 
(Cyclic Redundancy Check) uses an algorithm to check the microcomputer 
ROM, tests memory, and checks for stuck keys. | a problem exists with 
the keyboard, an interrupt is generated to the CPU and a message is 
displayed on the video monitor. 


Chapter 8 
Reassembly 


Reassembly Procedure 


The following is the reassembly sequence for the keyboard. Refer to Figure 
8.1. The Z-160 reassembly sequence is similar; for an accurate represen- 
tation refer to Figure 9.2. 

e  Placethe keyboard cabinet face down on a soft cloth. 


e Install rubber strain relief (keyboard cable connector in the Z-160) 
into slot. 


e Install wired keyboard into cabinet and secure with six 6 x 1/4" 
screws and two washers. 


e Install the bottom panel and secure with four 6 x 3/8" screws. 
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Reassembly 


#6x3/8" BLACK 
SELF-TAPPING 


Z INSULATIN 
ие PAPER „я 


#6x1/4" BLACK 77 
SELF-TAPPING 
HEX HEAD 
сэ ®© SCREW 


KEYBOARD 


A а а 
IC Р Чин 
SRM 


Figure 8.1. Keyboard Reassembly 


Chapter 9 
Parts List 


Replacement Parts 


This chapter includes a parts list of the keyboard components supplied 
by Zenith Data Systems only. Refer to Figure 9.1 for Z-150 part identifica- 
tion. The Z-150 Desktop Computer keyboard wired and tested part number 
is HE 181-5599. The Z-160 Portable Computer keyboard wired and tested 
part number is HE 181-4935-1. Refer to Figure 9.2. 


CAUTION: This board contains electrostatic-sensitive devices (ESD). 
Exercise extreme care when handling these devices to prevent dam- 
age. 
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Parts List 


Keyboard Assembly Z-150 


ITEM 
NUMBER 


55 


65 


205 
РАВТ МО. 


НЕ 205-1923-1 


НЕ 250-1434 


НЕ 266-1220 
НЕ 258-759 
HE 75-138 
HE 75-851 
HE 163-16 
with 
HE 134-1473 
HE 250-1521 
HE 444-238-1 


or 
HE 444-314 


or 
HE 187-5305 
HE 253-60 
HE 260-713 
HE 92-803 
HE 485-54 


DESCRIPTION 


Bottom plate 

Screw, pan head Phillips 
6-ВТ x .375” 

Support leg 

Spring, leg return 
Insulator 

Insulator 

Wired keyboard 


Keyboard cable 

Screw, slotted 6-AB x .250" 
Keyboard microcomputer 
(see Y101) 


Keyboard microcomputer 
(see Y101) 


8048 emulator 
Washer 

Strain relief 
Molded cabinet 
Plug, button 
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Parts List 


#6x3/8" BLACK 
% SELF-TAPPING 
SCREW — 


2 EN = 7 2 
CUTOUT 2 
Z= `= 7 | 35 
#6x1/4" BLACK 


SELF-TAPPING ^ ““ б/у 
Ж ЖЖЖ Z Ж 2 
НЕХ НЕАР KEYBOARD] | 
27 ГР Ж Ç 
2 s 


_ STRAIN 
ЖВЕМЕҒ 22 


Figure 9.1. 27-150 Desktop Computer Keyboard—Exploded View 
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Parts List 


Keyboard Assembly Z-160 


ITEM 


NUMBER 


96466 


205 
РАНТ МО. 


НЕ 92-823 
НЕ 250-1434 


НЕ 94-643 
НЕ 453-360 
НЕ 161-16 
НЕ 250-1508 


НЕ 134-1448 
НЕ 444-238-1 


Or 
HE 444-314 


Or 
HE 187-5305 
HE 92-322 
HE 94-644 
HE 94-645 
HE 252-178 
HE 134-1397 


DESCRIPTION 


Keyboard bottom 
Screw, pan head Phillips 
6-BT x .375" 

Support leg 

Shaft 

Keyboard assembly 
Screw, pan head slotted 
6-32 x .187" 

Cable assembly 
Keyboard microcomputer 
(see Y101) 


Keyboard microcomputer 
(see Y101) 


8048 emulator 
Keyboard top 
Slide 

Slide latch 

Nut, push on 
Keyboard cable 
assembly, coiled 


*6-BTx3/8" BLACK 
1 SELF-TAPPING SCREW \ 7 


SUPPORT 


KEYBOARD NYLON 7 
BOTTOM 


KEYBOARD 
ASSEMBLY 
25 


С 


KEYBOARD 


COILED 
KEYBOARD AT 
CABLE 
65 


Figure 9.2. 2-160 Portable Computer Keyboard—Exploded View 


Page 9.5 


Parts List 


Раде 9.6 


Parts List 


Keyboard Components Z-150 and Z-160 


CIRCUIT 


REFERENCE 
DESIGNATOR 


Capacitors 


C1 
C2 
C3 
C4 
C5 
C6 
C7 
C8 
C9 
C10 
C11 
C12 
C13 
C14 


Diode 
D101 
Crystal 


Y101 


Resistors 


H1 
R2 
АЗ 
R4 
H5 
R6 
H7 
R8 
R9 
R10 
R11 
R12 
R13 
R14 
R15 
R16 
R17 


ZDS 
PART NO. 


HE 21-705 
HE 21-757 
HE 21-147 
HE 21-147 
HE 21-147 
HE 25-162 
HE 27-73 
HE 21-95 
HE 21-95 
HE 21-95 
HE 21-95 
HE 21-95 
HE 21-95 
HE 25-863 


HE 56-56 


HE 404-647 
or 
HE 404-689 


HE 6-221-12 
HE 6-221-12 
HE 6-101-12 
HE 6-472-12 
HE 6-202-12 
HE 6-202-12 
HE 6-202-12 
HE 6-472-12 
HE 6-472-12 
HE 6-472-12 
HE 6-472-12 
HE 6-472-12 
HE 6-472-12 
HE 6-472-12 
HE 6-472-12 
HE 6-472-12 
HE 6-472-12 


CIRCUIT 

REFERENCE 205 
DESCRIPTION DESIGNATOR PARTNO. 

Integrated Circuits 
10 pF U101 HE 443-967 
22 pF 
47 pF U102 HE 443-811 
47 pF U103 HE 443-991 
47 pF U104 HE 443-991 
33 ҺЕ U105 HE 443-1036 
047 pF 
6x0.1 uF U106 HE 443-1036 
6x0.1 uF 
6x0.1 uF U107 HE 444-238-1 
6x0.1 uF or 
6x0.1 uF HE 444-314 
6x0.1 uF 
4.7 uF Miscellaneous 

HE 485-54 
HE 473-29 

IN4149 
6.000 МН: (use only with 
keyboard microcomputer HE 444-238) 
3.58 MHz (use only with 


keyboard microcomputer HE 444-314) 


2200 
2200 
1000 
4.7 КО 
2КО 

2 КО 
2КО 
4.7 КО 
4.7 КО 
4.7 КО 
4.7 КО 
4.7 КО 
4.7 КО 
4.7 КО 
4.7 КО 
4.7 КО 
4.7 КО 


DESCRIPTION 


Hex inverter 
buffer/driver 

Buffer, tri-state 

Hex buffer/converter 
Hex buffer/converter 
Dual one-of-four 
decoder 

Dual one-of-four 
decoder 
Microcomputer 


Dummy plug for side exit 


Audio transducer 


8048 Emulator 
Part Number HE 181-5305. Refer to Figure 9.3. 


CIRCUIT CIRCUIT 
REFERENCE ZDS REFERENCE ZDS 
DESIGNATOR PART NO. DESCRIPTION DESIGNATOR PART NO. 
Capacitors Integrated Circuits 
C1 HE 21-786 Л БЕ U1 HE 443-802 
C2 HE 21-786 ЖЕ 
C3 HE 21-786 ЛАР ог 
С4 НЕ 21-786 Тре HE 443-1037 
C5 HE 21-786 ЛАР НЕ 434-299 
C6 HE 21-786 ЛИР U2 HE 443-802 
C7 HE 21-707 36 pF 
C8 HE 21-707 36 pF or 
С9 НЕ 25-866 22 pF HE 443-1037 
HE 434-299 
из НЕ 443-1119 
НЕ 434-253 
U4 HE 443-872 
HE 434-298 
U5 HE 443-837 
HE 434-311 
U6 HE 444-320 
HE 434-312 
Crystal 
Y1 HE 404-647 
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Parts List 


DESCRIPTION 


Quad, multiplexer 
2-input, tri-state 


Socket 
Quad, multiplexer 
2-input, tri-state 


Socket 
Microprocessor 
Socket 

Hex inverter 
Socket 

8-bit tri-state latch 
Socket 

Emulator ROM 
Socket 


Figure 9.3. 8048 Emulator Board—Component View 
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Parts List 


Semiconductor Identification 


This section will help to identify the various semiconductor devices in- 
stalled on the keyboard. The components are listed in ascending numerical 
order, along with the device number (where applicable), and device lead 
configuration. The Zenith/Heath part numbers are cross-referenced, where 


applicable, with generic/alternate device numbers. 


Part Number Index 


HEATH 
PART DEVICE | 
NUMBER NUMBER DESCRIPTION LEAD CONFIGURATION 
OUTPUT М5, отрут MUS отрут 
Усс CONTROL АА 4 4Y ЗА 3B ЗМ 
НЕ 443-802 74LS257 U1, U2 
or Quad multiplexer 
HE 443-1037 74ALS257 2-input tri-state 
SELECT IA 18 lY ФА 2B 2Y GND 
тро OUTPUT. ee" OUTPUT 
HE 443-811 7415125 0102 


Buffer tri-state 


Раае 9.9 


Parts List 
HEATH 
PART DEVICE 
NUMBER NUMBER DESCRIPTION LEAD CONFIGURATION 
ENABLE 
Vcc 80 80 70 70 60 60 5D 5Q G 
HE 443-837 74LS373 U5 
8-bit tri-state latch 
OUTPUT 10 1D 2D 2030 3 40 4 GN 
CONTROL 
HE 443-872 74LS14 U4 
Hex inverter 
HE 443-967 7406 U101 
Hex inverter 
buffer/driver 
HE 443-991 MC14050B U103, U104 


Hex buffer/converter 
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Parts List 


HEATH 
PART DEVICE 
NUMBER NUMBER DESCRIPTION LEAD CONFIGURATION 
: SELECT OUTPUTS 
УС E 22 Ed 273 292 2Ү1  2Y0 
HE 443-1036 7415156 9105, 0106 
Dual one-of-four 
decoder 
l3 ау 
DATA STRB SELECT 1уз  1Y2 м 10, GND 
1C 18: «АМРЫГ Уе uae 
B OUTPUTS 
22238828 КЕНЕ 
ве еее 
НЕ 443-1119 8031 U3 
Microprocessor 
c МР А Ри РА Pu 
ЗЕН б БК Жыл ср xe cu ДЕ. A. mou. m m m B^ M 
EJ 
HE 444-238-1 8048/8748 U107 
or Microcomputer 


HE 444-314 
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Parts List 


HEATH 
PART DEVICE 
NUMBER NUMBER DESCRIPTION LEAD CONFIGURATION 
HE 444-320 U6 
ROM 


Vpp Ayo А? 


А, As Ад Аз A» А] Ад 00 01 09 GND 


+5 v DC 
+ Бурс 
GND 
GND 
GND 
GND 
GND 


(P10) 
(P11) 
(P12) 
(P13) 
(LED iN #69) 
(LED IN #58) 
(DATA OUT) 
(CLK OUT) 
(AUDIO TRANS) 


(DBO) 
(съл) 
(DB2) 
(DB2) 
(084) 
(085) 
(DB6) 
(DET) 


(CLKIN ) 
(DATAIN) 
(+5V/GND) 


(KYBRST) 


O60 00000020 


e acc 
O 13 A Y 
Л МЭ!» иа а 
o4 A y 
15 ? у 
O > Ад ГА Үд 
By 
5 17 15257 
О Bo 
C) 18 элээ: Ва 
19 E 
о 8д ја GND 
"ur 
+5 е: 
A та 
16 1 
С 37 2 дүсс A/B 
Q 38 2 ^2 Y1 4 
34 
cepe ips 
| | ё B2 
| 11 L 
| АЗ 5257 
| 10 ва Y3 9 
NC NC 
| (в. Ад Үд 12 | 
| Ва 
| ^ © өм 
i БО 8 45 
| = „м 
SUL Зна ог 
ҮРЭЭ 1514 


RST 


PSEN 
29 


+S 


- BY-PASS 
(21-786) 


Урр Рем Мж NC CE GND 
A8 


A9 

Alo 
All 
А12 


25 


28 -PIN 
EPROM SOCKET 


HEATH 


/1.444:4 
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3. REFER TO THE CIRCUIT BOARD COMPONENT VIEW FOR THE 
PHYSICAL LOCATION OF PARTS. 
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to the "Semiconductor Identification Chart." 


LEGEND: 
. S CIRCUIT BOARD GROUND 
2 —» +5V 
з. | > Bus siana 
4. —>> MECHANICAL CONNECTION 
5 —>  DIRECTIONTO 


6. > DIRECTION FROM 


т. —]— NO CONNECTION A 
8. —— CONNECTION 


585-61-04 
8048 EMULATOR 


SHEET 1 OF2 


Copyright с 1984 

Zenith Data Systems Corporation 
АЛ Rights Reserved 

Printed in the United States of America 


ЖА ТІ а j Г 


а мт 6 1 


EXTRA GATES: EXTRA RESISTORS: 


ВРЕ алқа 
ЕР2.1) алқа 
4234 RP3 2944 алка 


FORET HA АРБ 5 2.2Kn 


#3 6 


u219 3 ) 
443-780 


~ 
~ 
Ф 


MU m . 


443-1447 / 


s 
1203 ре 
443-1084 
Е гг 
(221 15 /4 
443-1172 
pn C 
75 5 17 3 
Р12 1033 
(242 
AUDIO TRANS ос E k2 443-837 
D EAF -1406C | 
ез 


C 
ср 
Qo 


@—G—@—G—&— 
(8)—03—6—62—62—69 1 . 
ооо + 


ii 
e 
à 
1 
(8) 
d 
] 
Q 
s 
a 
| 
со 
т 
іл 
^ 
e 
^ 
y i 
N 


()-09-408)-а26--04-2-50г-068 Du 82 "Ее 4.7K 
AAA— 


i m 
ен 


| 
о 
5 


— 
c) 
а 
= os 
o к 
p 
А 
9) 
zd с: 
іл 
Fiat 
а) 
2 (со 
NS 
(C 
© 
Ix 


ом РАТА OUT 
2Ү0 2Ү3 YO ТҮЗ 270: 291: 292, s до 
0105 0106 
А в 16 2G А B 1C 2C 16 2 
13 3 2 14 13| 31 1/15} 214 
JUMPER. eri 
(INSTALLED) 
Ша j a Ж ЫИ | | РАТА IN 
РА ший: d 
piz > , bes L банш я ыы | IEATI | 
різ >-------- ИС ИЕ ЗЫ ПОЕТ ША ЕАМ, Be EMITH 
+5V 9101 
1 NOTES: PARTS ORDERING INFORMATION: 
RIT 4.7K 


1. ALL RESISTOR VALUES ARE IN OHMS (k = 1,000, M = 
1,000,000) ALL RESISTORS ARE 1/4-WATT, 5% UNLESS OTHER- 
WISE SPECIFIED. 


you order a part from Zenith Data Systems, use the (HE) 
prefix. Example: 


ОТОТ sN7406N 
U 102 ТАК? 2. ALL CAPACITOR VALUES ARE IN „Е (MICROFARADS), UNLESS 
U103 мстдоѕовср ХОЛИ CONNECTOR. OTHERWISE SPECIFIED. 

U104 mci4ososce 171826-5 
0105 7416156 
1106 74:5156 
0107 8748/8048 


HE 443-730 


Н you order а part from Heath Company, DO NOT use the 
(HE) prefix. Example: 


3. REFER TO THE CIRCUIT BOARD COMPONENT VIEW FOR THE 
PHYSICAL LOCATION OF PARTS. 


443-730 


For semiconductor type numbers (Example: 74LS153), refer 
to the "Semiconductor Identification Chart." 


LEGEND: 


+. sx CIRCUIT BOARD GROUND 
2. —»» «5v 

3. [> BUS SIGNAL 

4. >> MECHANICAL CONNECTION 


5. --> DIRECTION TO 


6. 23- DIRECTION FROM 


7. -- NO CONNECTION A 
8. -ф- СОММЕСТЮМ 


585-61-04 
KEYBOARD 


SHEET 2 OF2 


Copyright с 1984 

Zenith Data Systems Corporation 
АЛ Rights Reserved 

Printed in the United States of America 


__ 22222 2211 00:82 __- ӨВ? 2 25221021 m d LL j B _~ 


SERVICE MODULE 
System CPU Card 


Z-100 PC Series Computers 


pd data 
systems 


The purpose of this page is to make sure that all service bulletins are 
entered in this manual. When a service bulletin is received, annotate the 
manual and list the information in the record below. 


Hecord of Field Service Bulletins 


SERVICE CHANGED PURPOSE OF SERVICE INITIALS 
BULLETIN PAGE(S) 


BULLETIN 
NUMBER 


LIMITED RIGHTS LEGEND 


Contractor is Zenith Data Systems Corporation of St. Joseph, Michigan 49085. The entire 
document is subject to Limited Rights data provisions. 


Copyright €1984 Zenith Data Systems Corporation, all rights reserved. 
Printed in the United States of America 


Zenith Data Systems Corporation 
St. Joseph, Michigan 49085 


Contents 


Record of Field Service Bulletins ii 
Figures V 
Tables У 
Chapter 1 Introduction 
Chapter 2 Configuration 
Dual Inline Package Switches .................................... 2.1 
Jumper Connector Configuration .................................. 2.4 
Chapter 3 Basic Theory of Operation 
Block DIOS IB вод Dac E ит VEG C Rer двор aU ec Beek d ac def 3.1 
80088. MICIODIOGOSSOF iav ео а А eat E 3.2 
BOCES Виса ecu ot va pes AE FRE E Ronde gus o i-e E S 3.2 
Bullers and Lalche8 ЖИ тэлэлт этэн 32 
Glock General маг poris анале RS SEES 3.3 
Optional 8087 Arithmetic Coprocessor ........................... 3.3 
HOM: БНА у: 5... азын алиа ИШ RR Аа онна 3.3 
Programmable Interval Птег................................... 3.4 
Programmable Interrupt Controller ............................... 3.4 
Programmable DMA Controller ................................. 3.4 
Programmable Peripheral Interface .............................. 3.5 
Conlfigür áuon. БОНО: ou uius ai ere огч ээн de Ro I Y Фа ЛЫН 3.5 
Backplane Соппесюг: «wo їг їл эвлэл лж ЛЫН 3.5 
Chapter 4 IC Operation Description 
8088/80C88 Operation .......................................... 4.1 
General „шулук к ел = o Ss 4.1 
FIDIOUIS oua arg eei Аал кые wa uw ылы a CAN s Sua рн ө үз 4.2 
Ihe Instruction Cycle. ооо вое жей 4.4 
Memor Organižalió хас aC be фра див а оне на eoe ккк де Ено 4.6 
Пере Operation соо ае аана л e Rea diei OA Ae 4.6 
УЗП TINNO «usd nuc итгэлээ 4.7 
Clock Generator 8284........................................... 4.8 
6283 BUS CONOIS х ties корали 4 ER oo л AUS Re Oan so dCi e bo ado 4.10 
8259 Programmable Interrupt Controller ........................... 4.13 
8253 Programmable Interval Timer ............................... 4.14 


8237 ОМА COMIOUG!: Lu хаа о уш» e Eee SQ 4.16 


Page iV 


Contents 


Chapter 5 


Circult DescripllOn- 25254451 uya ga 
i5 ia АГЕНТТЕРІ 


Interrupt Controller 0237 ............ 
Bus Controller 0243 ................ 
Programmable DMA Controller ....... 
ROMs 0208 and 1217 ............. 
Chip Select Logic and Timing ........ 


Programmable Peripheral Interface 


Keyboard Communication ............ 
Programmable Interval Timer ......... 


Chapter 6 


ШИОНПСТОН: 2 оне ма Ce хан Ro OE кке ялы» 
System Troubleshooting ............... 
CPU Troubleshooting ................. 


Chapter 7 


InIrOgUc OR И deer CEP RR 
Вапа: EISE ose wee иа аи a 


Chapter 8 


ІПТОСИСПОГ ou И о Rb 
Part Number Index ................... 


Schematic 


Detailed Circuit Description 


LNRM APE MED ES ERLE AOE 8 6.1 


Page V 


Contents 
Figures 
1.1 CPW BUSSES «: oz; ide ви ва ом еони өза йы тақыр у 1.2 
2.1 DIP 1 uu 4:22 ита о dis eee ub adc 2.1 
2.2 рег Сеоппесноб нас 222 єг Ya kaa eaae a ode вања 2.4 
3.1 CPU Card Block DIagraf yy ez x xa EF xd PERIERE Ек ЭЛ 
4.1 8088/80С88 PInOULt ::22225% 29455 yn RR ҰША аҚ a н 4.3 
4.2 8088/80С88 Maximum Mode Timing ........................ 4.7 
4.3 8284 Clock Generator Pinout .............................. 4.9 
4.4 8288. PIBOUL 22005 DECOR E ERR EN eY qu a Sw ud 4.10 
4.5 B288. TIMING? ЭРЭР odore жеен е e a ин УИ е 4.12 
4.6 8259. PINOUT 2: ми л элий ЕК ЫЛЫ биста cete офф 4.13 
4.7 ООБОЙ етом катын ТАУ Не 4.15 
4.8 6237 РИНШ нео ови ааа 4.17 
6.1 о риса 124. ue S ELO Ва и eee са 6.2 
6.2 Backplane LEDS uai EH ide X ae aco cba ed S rede Бема 6.3 
6.3 Timing: ОЈАОТА mer 6.5 
7.1 CPU Card Component Layout -eroris esseri terp Eran e 7:1 
Tables 
2.1 SW1 DIP Switch Configuration: ............................. 2.2 
2.2 SW2 DIP Switch Configuration ............................. 2.2 
2.3 SW2 Memory Size Switch Section Settings .................. 2.3 
4.1 CPU Pil FUNCIONS «ix acd ace a aee coa OCC X RORIS EN on a Rao 4.2 
4.2 Strobe S0, S1, and S2 Decoding ........................... 4.5 
4.3 8288 Pin FUNCHONS: 545555555 Rex P ыла И 4.11 
4.4 8253 Programming. Codes ................................ 4.15 


Chapter 1 
Introduction 


This service module describes the function of the Central Processing 
Unit (CPU) card used in the Z-100 PC Series Computers. The card de- 
scribed is the HE-181-5059 CPU card which contains a Harris 80C88 
microprocessor. This module also can be used to service the HE-181- 
4646 CPU card, which is identical to the other card except that it uses 
an Intel 8088 microprocessor and does not contain one flip-flop required 
for timing with the 80C88. This flip-flop is noted on the schematic en- 
closed in this service module. 


The CPU card is the heart of the computer system. її contains the 
"brains" of the system, a Harris 80088 CMOS microprocessor. This de- 
vice makes all of the decisions and controls all of the functions of the 
computer, based on communications to and from the keyboard and 
peripherals. The actions of the microprocessor are governed by machine 
language instructions which are contained in either the firmware stored 
in read-only memory (ҺОМ), or the software transferred from disk and 
temporarily stored in the random access memory (ВАМ). 


The 80C88 communicates with the rest of the system via three separate 
busses (groups of lines), as shown in Figure 1.1. The address bus de- 
fines which device is being talked to. The data bus carries the actual 
message to or from the addressed device. The control bus determines 
what type of operation (read, write, input/output, etc.) is to be performed 
and also is used to control the timing of the exchange. 


The 80C88 is a 16-bit microprocessor, based on CMOS construction, 
which utilizes the same instruction set and operates similarly to the 
NMOS Intel 8088. The 80C88 has 16-bit internal architecture for all reg- 
isters, internal data paths, arithmetic logic unit (ALU), and instruction 
codes. However, the 80C88 communicates with the rest of the system 
through an 8-bit data bus. The microprocessor uses a 20-bit address 
bus which provides over 1,000,000 separate addressing locations. Addi- 
tionally, the 80C88 can address over 64,000 input/output (/О) locations 
through its 16-bit /О port addressing. 


The CPU operates at a frequency of 4.77 MHz. This frequency is gener- 
ated by the clock driver (8284), U211. This frequency is derived by 
dividing the crystal oscillator frequency (14.31818 MHz) by 3. 


The CPU card was designed so that an optional coprocessor (Intel 
8087) may be added to the card to speed arithmetic operations. 
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The 80C88 also is supported by four channels of 20-bit direct memory 
access (DMA). Three of the four DMA channels are available on the 1/О 
bus to support high speed data transfer between 1/О devices and mem- 
ory without processor intervention. The fourth DMA channel is pro- 
grammed to refresh the system dynamic RAM. 


The CPU card also contains three independent 16-bit programmable in- 
terval timers. One of the timers is used to request refresh cycles from 
the DMA. Another timer provides updates to the time-of-day clock. The 
other timer is used to support the tone generation for the audio speak- 
ers. Each timer has a minimum resolution of 1.05 microseconds. 


A programmable interrupt controller provides the 80C88 with eight 


prioritized interrupt levels. 


MEMORY 170 


ПО 


СРО 
MODULE 


DATA BUS 


CONTROL BUS 


Figure 1.1. CPU Busses 


Chapter 2 
Configuration 


For instructions on removing the card from the computer, refer to the 
Base Unit Service Module. 


Dual Inline Package Switches 


Two dual inline package (DIP) switches, each containing eight individual 
switch sections, are used to select specific operation modes. Switch 
SW1 selects the 1/О options and can be configured to select the number 
of 5.25-inch drives, columns in the display, base memory size, and tells 
the CPU if the optional 8087 coprocessor is installed. 


Switch SW2 selects the extended options and may be configured to 
select 50 or 60 Hz line frequency for the video display, manual or auto- 
boot of the disk drives, and informs the CPU of the presence of add-on 
memory. 


The setting of these switches is read by the CPU as either a logic zero 
(switch section in the closed "ON" position), or a logic one (switch sec- 
tion in the open "OFF" position). Figure 2.1 identifies and illustrates the 
physical configuration of both DIP switches SW1 and SW2. The config- 
uration of the DIP switches is described in Tables 2.1 through 2.3. 


SW1 SW2 


11007) 00007007 


Figure 2.1. DIP Switches 
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Table 2.1. SW1 ПІР Switch Configuration 
SWITCH 
SECTION FUNCTION SWITCH SETTINGS 
0 Floppy Disks ON: No Floppy Drives Attached 
Attached OFF: Floppy Drives are Attached 
1 8087 Installed ON: Not Installed 
OFF: 8087 Present 
2 and 3 Base Memory Size OFF,OFF: 64K 
NOTE: Sections 2 and 3 are always set to this posi- 
tion. 
4and5 Column Display ON,ON: Reserved 
Type OFF,ON: 40 x 25 
ON,OFF: 80 x 25 
OFF,OFF: Monochrome Video 
6 and 7 Number of 5.25-inch ОМ,ОМ: 1 Drive 


Drives Installed 


OFF,ON: 2 Drives 
ON,OFF: 3 Drives 
OFF,OFF: 4 Drives 


Table 2.2. SW2 DIP Switch Configuration 


SWITCH 
SECTION 


0,1,2,3, 
and 4 


5 and 6 


FUNCTION 


Add-On Memory Size 


Select Boot Mode 
and Booted Drive 


Line Frequency 
Select for CRT 
Screen Sweep 


*Not Recommended 


SWITCH SETTINGS 


The DIP switches are configured to accommodate 
the various CPU memory capacities as required for 
each computer model. (See Table 2.3.) 


ON,ON: Manual Boot 
OFF,ON: Autoboot Floppy 
ON,OFF: Autoboot Winchester 
OFF,OFF: Manual Boot 


ON: 60 Hz Display 
OFF: 50 Hz Display* 
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Table 2.3. SW2 Memory Size Switch Section Settings 


64K 
128K 
192K 
256K 
320K 
384K 
448K 
512K 
576К 
640К 


NUMBER OF BYTES 
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Jumper Connector Configuration 


A row of jumper connectors is located in the center of the CPU card 
(Figure 2.2). The jumper connectors configure the monitor ROMs. The 


jumpers may be configured as follows: 


е A jumper connected between pins 5 and 10 informs the CPU that 


ROM 1 is a 256K device. 


е А jumper connected between pins 4 and 9 informs the CPU that 


ROM 1 is a 128K device. 


е А jumper connected between pins 3 and 8 informs the CPU that 


ROM 2 is a 256K device. 


е A jumper connected between pins 2 and 7 informs the CPU that 


ROM 2 is a 128K device. 


е А jumper connected between pins 1 and 6 informs the CPU that 
a RAM chip is installed into the ROM 2 socket. The card normally 


is supplied with no RAM installed. 


CPU CARD 


Figure 2.2. Jumper Connections 


Chapter 3 
Basic Theory of Operation 


Block Diagram 


A simplified block diagram of the CPU card is shown in Figure 3.1. This 
block diagram represents the major functions of the CPU card. Refer to 
this block diagram for the discussions in this chapter. 


BACKPLANE CONNECTOR 


PROGRAMMABLE 


PROGRAMMABLE 
INTERRUPT 
CONTROLLER 


DMA 
CONTROLLER 


ADDRESS 


ADDRESS BUS 


8088/ 


80C88 CONTROL BUS BUFFERS 
MICROPROCESSOR AND 
LATCHES PROGRAMMABLE 


INTERVAL 
TIMER 


DATA BUS 


Ко) KEYBOARD 


PROGRAMMABLE 
PERIPHERAL 
INTERFACE 


CLOCK ROM 
GENERATOR (FIRMWARE) 


OPTIONAL 
8087 
ARITHMETIC 

CO-PROCESSOR 


CONFIGURATION 
SWITCHES 


Figure 3.1. CPU Card Block Diagram 


Раде 3.2 


Basic Theory of Operation 


80C88 Microprocessor 


The 80C88 is a microprocessor manufactured using CMOS technology. 
This device has 16-bit internal architecture, but uses an 8-bit data bus 
to communicate with other devices. 


The microprocessor is the heart of the computer system. It takes inputs 
from the peripherals or keyboard and calculates solutions or controls the 
system, based on those inputs. 


80C88 Busses 


The 80C88 communicates with the rest of the computer system using 
three busses. Many of the functions of the 80C88 are shared and must 
be multiplexed. 


The address bus consists of 20 bits which are used to locate the specif- 
ic device or memory byte that the CPU wishes to communicate with. 
Some of the 80C88 pins are used for both address lines and data lines. 


The data bus is 8 bits wide and shares 80C88 pins with the address 
bus. The data bus is used to exchange information between the CPU 
and the rest of the system. 


The control bus carries commands to the rest of the system hardware. 
This bus carries the read and write signals for the system, the interrupts 
from the system, and various other timing and control signals. 


Buffers and Latches 


The buffers and latches are controlled by signals from the 80C88 and 
are used to multiplex the outputs from the CPU pins into the correct 
busses. These devices also control the direction of the data flow and 
buffer the data and address lines so that more than a few integrated cir- 
cuits (ICs) can be driven by the various busses. 
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Clock Generator 


The clock generator provides the clock signals to the microprocessor 
which are used to establish the system timing. 


The first stage of the clock generator is an oscillator which operates at 
a frequency of 14.31818 MHz. This frequency is divided by 3 internally 
to provide a 4.77 MHz square wave output for the microprocessor and 
the coprocessor clocks. 


The clock generator also provides the timing for the DMA actions by di- 
viding each clock pulse into sections. During part of the clock period, 
the DMA can be active. During the remainder of the time period, the 
microprocessor can control the data bus. 


Optional 8087 Arithmetic Coprocessor 


The 8087 may be installed onto the CPU card as an option. The 8087 
is an ALU processor which contains expanded 80-bit registers, an ex- 
panded instruction set, and internal logic to perform complex floating 
decimal point mathematical operations with fewer program instructions. 


The 80C88 can perform all of the operations of the 8087 but requires 
many more steps and, therefore, much more time. When installed, the 
8087 increases the system throughput. 


ROM (Firmware) 


The ROM memory located on the CPU card contains the instructions 
which control the fundamental operation of the microprocessor. These 
instructions tell the CPU how to read the keyboard, perform basic time 
delays, and similar functions. The instructions for power-up checks and 
more complete diagnostics also are contained on these ROMs. 
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Programmable Interval Timer 


The programmable interval timer contains three independent counters 
which are used by the computer system to generate specific time de- 
lays. These timers are used to update the system time-of-day clock, re- 
fresh the system dynamic memory, and provide the frequency used as 
a tone generator for the system audio speakers. 


When а counter reaches its terminal count, an interrupt signal is issued. 
Each counter has its own interrupt output. 


Programmable Interrupt Controller 


The programmable interrupt controller is used to prioritize the system in- 
terrupts. This device accepts up to eight interrupt inputs from other parts 
of the system, assigns each input a priority in which it will be processed, 
and then directs the CPU to the address of the next instruction in the 
interrupt routine. 


Programmable DMA Controller 


Because memory can be read and written to more rapidly than the CPU 
is capable of performing these functions, the programmable DMA con- 
troller is used to control the busses to obtain this information while the 
CPU is not in control of the busses. This process speeds the exchange 
of data. 
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Programmable Peripheral Interface 


The programmable peripheral interface is used to communicate with the 
keyboard and to read the states of the configuration switches. This de- 
vice relieves the CPU of the responsibility of frequently checking for key- 
board entries. When a key is pressed, this device sends a system inter- 
rupt to the programmable interrupt controller, which informs the CPU 
that a key has been pressed. On powerup, the configuration switches 
are checked through this device. 


Configuration Switches 
The configuration switches are used to inform the CPU of the computer 


system configuration so that the CPU knows how to best utilize the in- 
stalled hardware. For further details, refer to Chapter 2. 


Backplane Connector 


The backplane connector is used to connect the CPU busses to the rest 
of the system and to carry other timing, control, and interrupt signals. 


Chapter 4 
IC Operation Description 


This chapter describes the operation of the most complex ICs on the 
CPU card. The chapter provides descriptions similar to those found in 
data sheets for the components, and provides general information on 
the operation of the ICs. Specific functions of the ICs used on the CPU 
card are described in Chapter 5. An understanding of these devices may 
be helpful in understanding the specific functional descriptions found in 
Chapter 5. 


8088/80C88 Operation 


General 


The 8088 is a microprocessor manufactured using NMOS technology. 
The 80C88 is functionally identical to the 8088, but is fabricated using 
CMOS technology. The instruction set is identical for the two devices, 
as is the internal architecture. The timing of the interrupt signals is 
slightly different between the 8088 and the 80C88. The 80C88 requires 
a timing flip-flop on the interrupt line and, therefore, is not directly inter- 
changeable with the 8088 (which does not require the flip-flop). 


These devices have 16-bit internal architecture, but communicate 
through eight data lines. Twenty address lines provide over 1,000,000 
memory address locations. Additionally, this microprocessor can address 
64K І/О locations. 


In the Z-100 PC Computer Series, a 4.77 MHz clock is used to drive 
the CPU. The clock pulses are used to provide timing of the signals in- 
side the chip. Several clock pulses are required to execute an operation. 


The microprocessor must be told what to do for each operation. These 
instructions are contained either on the ROM located on the CPU card, 
or are transferred from disk to the RAM located on the dynamic memory 
card. If no instruction is received, the microprocessor becomes lost. 
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Pinouts 


The pinout of the 8088/80C88 is shown in Figure 4.1. The function of 
each pin is discussed in Table 4.1. 


Table 4.1. 
PIN NO. SIGNAL NAME 


17 


18 


19 


20 


21 


22 


23 


24 


25 


GND 


А8-А14 


ADO-AD7 


NMI 


INTR 


CLK 


GND 


RESET 


READY 


TEST* 


INTA* 


ALE 


CPU Pin Functions 


FUNCTION 
Ground 


These are the middle address lines and are used only for addressing. 


These lines are multiplexed and share the functions of low-order addresses and the data lines. 
At the beginning of a read or write cycle they are used for the low-order address, and later 
are used to transfer data into the CPU. 


This pin is used to signal the CPU that a non-maskable interrupt has occurred. A low to high 
transition of this line is acknowledged by the CPU. Operation of the interrupts is discussed 
in the text of this chapter. 


A high on this pin signals the CPU that a maskable interrupt has occurred. Operation of the 
interrupts is discussed in the text of this chapter. 


The 4.77 MHz square wave from the clock generator is connected to the CPU here. This sig- 
nal is used to control all of the timing of the CPU. 


Ground 


This signal causes the CPU to immediately terminate its present activity. It is used to force 
the system to begin the power-up sequence. 


This signal is an acknowledgment from the addressed memory or 1/О device that it will com- 
plete the requested data transfer. This signal normally is used with low speed devices which 
cannot complete a data transfer in one machine cycle. 


This signal is used when the 8087 is installed in the system. When control is switched to the 
8087, a "wait for test" command is given. After this command, the 8087 places a high on pin 
23 and the 8088 remains in an idle state until the 8087 returns pin 23 low. 


This pin is the interrupt acknowledge signal. The CPU brings this pin low to acknowledge a 
maskable interrupt and request a type number. Operation of the interrupts is discussed in the 
text of this chapter. 


This signal is used to latch the ас... 255 into the address latches. 
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Table 4.1 (continued). 


CPU Pin Functions 


PIN NO. SIGNAL NAME 


FUNCTION 


26-28 


50,51,52 


LOCK* 


RQ*/GTO 


RQ*/GT1 


RD 


MN/MX* 


HIGH 


A15-A19 


УСС 


These signals are decoded to produce the read and write pulses for the system. Table 4.2 
defines the function of these signals. 


This signal, when low, prevents the DMA from gaining control of the system busses. 


This pin is not used in the Z-100 PC, but may be used in other systems by another bus mas- 
ter to force the 8088 to release control of the bus. 


This line is used by the 8087 to force the 8088 to relinquish control of the busses. A three- 
pulse exchange must occur. The 8087 sends a one clock pulse-wide request to the 8088. At 


the end of the instruction, the 8088 sends a pulse to the 8087 indicating that it has relin- 
quished control of the bus. One clóck pulse before the end of the 8087 instruction cycle, it 


sends a pulse to the 8088 informing it that it will regain control of the busses on the next 
clock pulse. These pulses synchronize the exchange of control of the busses. 


This pin is not used in the Z-100 PC, but provides a read pulse for minimum systems. The 
Z-100 PC uses the SO, S1, and S2 pulses to generate this function. 


This pin, when grounded, informs the CPU that it is operating in a maximum system mode. 


This pin goes to a high impedance state when a request (GT1*) is granted. At all other times 
itis a logic high. 


These pins form the high-order address or segment addresses. 


This pin connects the CPU to the +5 VDC power supply. 
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Figure 4.1. 8088/80C88 Pinout 
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The Instruction Cycle 


The instruction cycle consists of two parts, the instruction fetch and the 
operation. All instruction fetches are identical regardless of the instruc- 
tion, but the operation may be of variable length depending on the in- 
struction. 


The first operation in the fetch is to load the contents of the program 
counter (PC) internal register into the address output lines. The PC 
keeps track of the location of the next instruction stored in memory. 


When the address is stable on the output pins, the ALE signal is brought 
high to latch the address into external latches. The PC then is discon- 
nected from the outputs and incremented so that it points to the location 
of the next instruction. 


After the address is latched, the read (RD*) signal is brought low. In 
maximum systems like the Z-100 PC, a combination of the SO, S1, and 
S2 lines also can be used to generate this function. When this signal 
occurs, the data from the addressed memory location is sent to the data 
lines and decoded by the CPU. 


Some instructions are 2 bytes long. When the CPU detects that this is 
the case, it repeats the cycle to load the second half of the instruction. 


The second half of the instruction cycle is an operation determined by 
decoding the instruction. The operation may involve memory reads or 
writes which are similar to the fetch operation, or it may involve internal 
functions which do not generate external signals. 
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I/O operations are identical to memory operations except for the state 
of the M/IO* signal. When this line is high, memory is being addressed. 
When it is low, 1/О is being addressed. This also can be determined by 
the state of lines SO, S1, and S2. The function of these pins is defined 
in Table 4.2. 


Table 4.2. Strobe SO, S1, and S2 Decoding 


50 51 52 FUNCTION 8288 OUTPUT 
0 (LOW) O 0 Interrupt Acknowledge INTA* 

0 0 1 Read /О Port lOR* 

0 1 0 Write I/O Port IOW* 

0 1 1 Hait None 

1 0 0 Code Access None 

1 0 1 Read Memory MEMR* 

1 1 0 Write Memory MEMW* 

1 1 1 Idle None 
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Memory Organization 


The memory is processed internally by the 8088 as 16 memory seg- 
ments each 64K-bytes long. This is because the CPU uses two separate 
registers to store the address. A 4-bit register, called the segment regis- 
ter, defines the most-significant 4 bits of the address. The lower 16 bits 
of the address are stored in a separate register. 


Interrupt Operation 


There are two types of interrupt used with the 8088/80C88. The non- 
maskable interrupt cannot be ignored by the device, while some instruc- 
tions can tell the CPU to ignore maskable interrupts. In all cases, the 
basic operation of the interrupt is the same. 


When a device generates an interrupt, a logic high is placed on the ap- 
propriate interrupt line (NMI for non-maskable or INTR for maskable in- 
terrupts). When the CPU completes its current instruction, it stores the 
contents of its program counter in memory. 


If the interrupt is a maskable interrupt, the INTA* line is brought low and 
the interrupting device must respond by sending an 8-bit type number 
to the data bus. The CPU will then execute the first instruction found 
at the address corresponding to the interrupt type. The interrupt program 
must end with a return command (RET), which causes the CPU to re- 
turn to the operation which was interrupted. 


If the interrupt is a non-maskable interrupt, the CPU is driven to the ad- 
dress of a type two interrupt. In all cases, the non-maskable interrupt 
has priority over the maskable interrupt. When both types of interrupt 
occur at the same time, the non-maskable interrupt will be processed 
first. A non-maskable interrupt also must end with a return command. 


Page 4.7 


IC Operation Description 


System Timing 


Figure 4.2 illustrates the system timing. 
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Figure 4.2. 8088/80С88 Maximum Mode Timing 
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Clock Generator 8284 


The 8284 clock generator provides the system clock, in addition to a 
number of timing functions for the CPU. The chip contains a crystal con- 
trolled oscillator, a divide-by-three counter, ready synchronization, and 
reset logic. Figure 4.3 shows the pinout of this device. 


The oscillator circuit operates at 3 times the CPU clock frequency. A 
buffered output at the oscillator frequency is provided on pin 12. This 
signal is used by other cards in the system. 


The clock output, СІК (pin 8), is a 33% duty cycle square wave at 1/3 
the frequency of the oscillator. This signal drives the CPU and all de- 
vices which share the busses. 


The peripheral clock (PCLK) is a buffered output used to drive 
peripheral devices. This clock operates at 1/2 the CLK frequency. 


The reset input, RES* (pin 11), is a Schmitt trigger input which is used 
to drive the RESET signal to the CPU. This device responds to a low 
level input to trigger a high output to the CPU. An R/C input holds this 
input low for a short time after powerup so that a RESET will be 
acknowledged when the power is switched on. 


A high RESET signal is provided from pin 10 when triggered by the 
RES* signal. 


The address enable signal, AEN* (pin 3), is an active-low signal used 
to provide timing when control of the busses is switched between de- 
vices. 
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The bus ready signal, RDY1 (pin 4), is used to inform the clock 
generator that bus control is being shifted from another bus master back 
to the CPU. This signal is synchronized to the clock and sent to the 
CPU as a high on the READY line (pin 5). 


+5 VDC is supplied to the clock generator on pin 8 and ground must 
be supplied on pin 9. 


The other pins of the clock generator are not used in the Z-100 PC. 


Figure 4.3. 8284 Clock Generator Pinout 
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8288 Bus Controller 


The bus controller decodes the CPU status lines (SO, S1, and S2) to 
provide the address latch signals and the read and write pulses for the 
busses. The bus controller also disables the bus buffer/driver/latches 
when other devices have control of the busses. 


The 8288 pinout is shown in Figure 4.4. The output functions are de- 
fined in Table 4.2. The function of each pin is described in Table 4.3. 
The timing of the outputs is shown in Figure 4.5. 


MCE/ 
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Figure 4.4. 8288 Pinout 
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Table 4.3. 8288 Pin Functions 


PIN NO. 


1 


2 


SIGNAL NAME 
ОВ 
СЕК 
51% 


DT/R* 


ALE 


AEN* 


MRDC* 
AMWC* 
MWTC* 
GND 
lOWC* 


AIOWC* 


IORC* 


INTA* 


CEN 


DEN 


MCE/PDEN* 


51,52 


УСС 


FUNCTION 

This pin is not used in the Z-100 PC. 

This is the clock signal from the clock driver. 

This is a status signal from the CPU. Refer to Table 4.2 for a definition of this signal. 

This signal controls the direction of data flow through the bus transceivers. When this pin 
is high, data is sent from the CPU to the data bus. When this pin is low, data flows from 


the bus to the CPU. 


This signal is used to latch data into the address latches. The signal goes low when the 
addresses are stable on the output pins of the CPU. 


When this signal is low, the 8288 is active. When the signal goes high, the outputs from 
the 8288 go to a high impedance state, causing the latches, buffers, and transceivers to 
also go to the 3-state condition. Alternate bus masters can then gain control of the bus. 
This signal is the memory read pulse (MEMR*). 

This is the memory write pulse (MEMW*). 

This signal is not used in the Z-100 PC. 

This is the ground connection for the IC. 


This signal is not used in the Z-100 PC. 


This signal is an advanced 1/О write pulse (IOW*) which is used to provide the /О device 
with an early indication of a write command. 


This is the І/О read signal (IOR*). 


This signal informs an interrupting device that it must provide an interrupt type number to 
the CPU. 


When this signal is low, all command outputs from this device are forced to their high im- 
pedance state. All outputs are enabled when this signal is high. 


This signal enables the data transceivers when it is high. The data transceivers are dis- 
abled when this signal is low. 


This signal is not used in the Z-100 PC. 
These are the status inputs from the CPU. Refer to Table 4.2. 


This is the +5 VDC power supply input. 
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NOTES: 1. ALL SIGNALS SWITCH BETWEEN Voy AND Vo, UNLESS OTHERWISE SPECIFIED. 
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STATES ARE TO BE INSERTED. 
CASCADE ADDRESS IS VALID BETWEEN FIRST AND SECOND INTA CYCLES. 
TWO INTA CYCLES RUN BACK-TO-BACK. THE 8088 LOCAL ADDR/DATA BUS IS 
FLOATING DURING BOTH INTA CYCLES. CONTROL FOR POINTER ADDRESS IS 
SHOWN FOR SECOND INTA CYCLE. 
SIGNALS AT 8284 OR 8288 ARE SHOWN FOR REFERENCE ONLY. 
THE ISSUANCE OF THE 8288 COMMAND AND CONTROL SIGNALS (MRDC,MWTC, 
AMWC,IORC,IOWC,AIOWC,INTA AND DEN) LAGS THE ACTIVE HIGH 8288 CEN. 
ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED. 
STATUS INACTIVE IN STATE JUST PRIOR TO T4. 


Figure 4.5. 8288 Timing 


Page 4.13 


IC Operation Description 


8259 Programmable Interrupt 
Controller 


The programmable interrupt controller is used to prioritize up to eight in- 
coming interrupts and interface those interrupts with the CPU maskable 
interrupt input. The CPU can tell the 8259 to ignore (mask) all interrupts 
or change the priority of the interrupts. 


When the system is powered up, the CPU must initialize the 8259. The 
CPU initializes the 8259 by writing a control word into the device. The 
initialization process is as follows: the IC is enabled (low on pin 1), the 
control word is placed on the data bus, and then the WR* pulse low 
is brought low (pin 2). The control word clears the internal registers and 
sets the priority of the interrupts. A control word can be written at any 
time to clear the registers or to change the priorities. 


When one of the interrupt inputs goes high, the device checks and sets 
its interrupt request register. If no interrupt is in progress, a high pulse 
is sent out on the INT line. If an interrupt is in progress, the 8259 will 
wait until the current interrupt is completed and then begin the process. 
The microprocessor responds with a low on the INTA* line when it com- 
pletes its current instruction. The 8259 checks all of its three cascading 
inputs. When the second INTA* comes from the CPU, the type number 
(interrupt instruction vector) of the interrupt is sent to the CPU on the 
data lines. When the last instruction in the interrupting routine is com- 
pleted, an end of interrupt signal is sent to the 8259. The interrupt re- 
quest register then is cleared. 


The pinout of the 8259 is shown in Figure 4.6. 


Figure 4.6. 8259 Pinout 
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8253 Programmable Interval Timer 


The programmable interval timer contains three independent program- 
mable clocks. The clocking signals all are connected to the PCLK signal 
from the clock generator (1/2 the CLK frequency). The 8253 can operate 
in a number of modes which are set by the control word sent from the 
CPU. 


For mode 0, a terminal count is loaded into the selected clock and it 
then begins to count from 0 until the terminal count value is reached. 
When the clock reaches the terminal count, a high is sent out on the 
appropriate output and will remain there until the terminal count is 
loaded again. This high may be used to trigger an interrupt or drive an 
external device. 


Mode 1 is identical to mode 0 except that the output high is sent for 
a fixed time and then returns low. 


Mode 2 is a divide-by-N rate generator. The incoming clock will be 
divided by the value loaded into the start register, and an output pulse 
equal to the length of one incoming clock pulse will be output. 


Mode 3 is the same as mode 2 except that the output pulse will remain 
high until the next count reaches 1/2 the starting count. 


Mode 4 is similar to mode 2 except that the output starts high and goes 
low when the terminal count is reached. 


Mode 5 is a hardware-triggered strobe. The count begins when a low 
to high transition occurs on a gate input. 
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The pinout of the 8253 is shown in Figure 4.7. The programming instruc- 
tions from the CPU are shown in Table 4.4. 
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Figure 4.7. 8253 Pinout 


Table 4.4. 8253 Programming Codes 


CS* RD* WR* А1 A2 FUNCTION 


Load Counter 0 

Load Counter 1 

Load Counter 2 
Write Mode Word 
Read Counter 0 
Read Counter 1 
Read Counter 2 

No Operation 3-State 
Disabled 3-State 

No Operation 3-State 
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8237 DMA Controller 


The DMA controller is used to speed the transfer of data from one mem- 
ory device (peripheral) to another memory device. The primary advan- 
tage to DMA is in block moves of data. The DMA has its instructions 
built in and therefore can operate much faster than the CPU, which must 
decode a number of instructions in order to transfer data from one de- 
vice to another. 


When a transfer of data is desired, the CPU tells the DMA where to get 
the data and where to put it in memory. The DMA then handles the data 
transfer. The DMA generates up to 16 address lines through address 
outputs AO through A7. The high-order address is first placed on the 
address bus and latched by a high on the ADSTB line. The 8237 only 
latches the high-order address when it changes, speeding the process. 
The address latches and buffers are enabled by a high on the AEN line. 
The DMA generates all of the memory read and write signals (MEMR*, 
MEMW*, IOR*, and IOW*). 


The DMA can operate in one of three modes. A single byte of data can 
be transferred, a block of data can be transferred with both the start and 
end of the block defined by the CPU, or, a block of data can be trans- 
ferred with the end of the block defined by an external signal on the 
EOP line. 


When the DMA is to control the bus, a hold request (HRQ) is issued 
to the CPU. The CPU responds with a hold acknowledge signal (HLDA) 
and goes into a hold state until the transfer is completed. 


A peripheral can request DMA service from the 8237 on one of the 
DREQ lines. Тһе 8237 responds to the input by requesting a CPU hold, 
and then sending a DMA acknowledge output to the peripheral when the 
CPU enters a hold state. 
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The pinout of the 8237 is shown in Figure 4.8. 
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Figure 4.8. 


Chapter 5 
Detailed Circuit Description 


Circuit Description 


This chapter describes the function of each component on the CPU 
card. Refer to the schematic when reading the following sections. 


CPU 


U212 is the microprocessor, an 8088, or a Harris 80C88. This device 
is, internally, a 16-bit microprocessor which communicates with the rest 
of the system through an 8-bit data bus. 


ADO through AD7 form the data bus and the first 8 bits of the address 
bus. These signals come from pins 9 through 16. When a fetch cycle 
begins, the address is present on these lines. The ALE signal on pin 
25 then goes high, causing the address to be latched into 8-bit latches 
U222, U241, and U242. When the address is latched, the AD pins then 
are free to transfer data. The DEN* signal from pin 26 then goes low. 
This signal is inverted by bus controller U243 and used to enable the 
data transceiver, U223. The direction of data flow (to or from the CPU) 
then is controlled by the state of pin 27 (DT/R*). If this signal is low, 
data is to be received and U223 allows data to flow from the bus to the 
CPU. И pin 27 is high, data flows through U223 from the CPU to the 
bus. | 


Address lines A8 through A19 are processed through the latches the 
same way as ADO through AD7. Address lines A8 through A15 can be 
used only for addresses. Address lines A16 through A19 have multi- 
plexed functions, but only the addresses are used in this system. 


Pin 40 is the Vcc (+5 VDC power supply) input. Pin 20 is the ground 
connection for the power supply. 
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Detailed Circuit Description 


Pin 18 is the software interrupt request input (INTR) to the CPU. This 
is a flexible type of interrupt because the interrupting device tells the 
CPU how to process it. When the CPU acknowledges that this type of 
interrupt has occured, the interrupting device must supply the CPU with 
the address of the instruction which begins the programming routine for 
that interrupt. As many as 256 different interrupting devices can use this 
input so long as each device provides a different address to the CPU. 
Interrupt controller U237 prioritizes up to eight interrupt inputs. When a 
device requests an interrupt, U237 supplies the INTR signal and then 
the address of the routine corresponding to the interrupt input. When 
more than one interrupt request occurs at the same time, the highest 
priority interrupt will be processed first. 


The programmable interrupt controller sends a high to CPU pin 18 
whenever any interrupt input is received. A high on this line informs the 
CPU that some device has requested an interrupt. This signal is ac- 
knowledged by a low on pin 24 (INTA*) when the CPU finishes process- 
ing the current instruction. When this signal occurs, the programmable 
interrupt controller sends the address of the instruction to the CPU on 
the data lines (ADO through AD7). Note that when the 80C88 microproc- 
essor is used, an additional timing flip-flop is inserted in the INTR line 
as shown in the schematic diagram. 


Pin 22 is the RDY signal used by slower memory devices to tell the 
CPU that they will require more than the standard amount of time to 
complete a data transfer. The memory device places a low on this line 
when it will take longer than one cycle to respond. This signal is timed 
through the clock generator, U211. When the device is ready to transfer 
data, the RDY signal is returned high. 


Pin 19 is the clock input. The 4.77 MHz square wave input to this pin 
comes from 0211, the clock generator. 


Pin 21 is the RESET signal. This signal goes high when the system is 
powered up, and forces the CPU to begin its power-up sequence. This 
signal comes from clock generator Џ211. 


Pin 17 is the non-maskable interrupt. It operates like the RESET line in 
that a high on this line will force the CPU to a specific location in pro- 
gram instructions. 
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Pins 23 and 34 are signals used only when the optional 8087 
coprocessor is installed. Refer to Chapter 4 for a full description. 


Pin 29 is the LOCK* signal. When this pin goes low (caused by specific 
instructions), no other device can gain control of the bus. This signal 
prevents the DMA from using the bus during idle times in the CPU 
cycle. 


Pin 28 supplies the IO/M* signal. When this signal is high, І/О devices 
are being addressed. When this signal is low, memory is being ad- 
dressed. 


Clock Generator 


The clock generator has a number of functions. Its primary job is to act 
as a crystal controlled, square wave oscillator and to provide the CPU 
clock. Secondarily, it provides timing synchronization for the RDY signal 
and provides the RESET signal at system powerup. 


The oscillator in U211 is controlled by a 14.31818 MHz crystal. A buf- 
fered output at this frequency is provided and sent out on the backplane 
connector for use in other parts of the system. The clock generator also 
divides this frequency by 3 to provide a 4.77 MHz, 33.3396 duty cycle 
square wave signal which is used to generate the CPU clock. 


When the system is powered up, the input to pin 11 remains low until 
capacitor C7 is charged. This low is inverted and sent to the CPU as 
a RESET signal, causing initiation of the power-up sequence. 


The 14.31818 MHz signal is used internally to provide correct timing of 
the RDY signal to the CPU. A DMAACTIVE* signal into the clock 
generator will be sent to the CPU as a high at the correct time. This 
may delay the RDY signal slightly. 
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Interrupt Controller U237 


The interrupt controller generates a maskable interrupt to the CPU when 
any of eight input signals requests an interrupt. This device prioritizes 
the inputs and stores an interrupt vector (instruction address) for each 
input. If more than one interrupt occurs at the same time, the one with 
the highest priority will be processed first. 


When any interrupt input goes low, a high is sent out of pin 17, INT. 
When the CPU finishes its current instruction, it sends back a low to pin 
26 of U237. The interrupt controller then responds by sending the ad- 
dress of the instruction (interrupt vector) which the CPU should process 
in response to the interrupt. 


Bus Controller U243 


The bus controller is used to generate the latching and enabling signals 
for the buffers and address latches, as well as the read and write pulse 
for the system memory and 1/О. These signals are generated by the 
SO*, S1*, and S2* signals from the CPU. 


Programmable DMA Controller 


Programmable DMA controller U209 can perform many memory opera- 
tions involving blocks of data more rapidly or more easily than the CPU. 
The DMA, when permitted by the CPU, uses the address and data bus- 
ses to transfer a block of data from a peripheral (such as a disk drive) 
directly into memory. 


When a peripheral requests a DMA transfer by sending a high on one 
of the four DREQ lines, the DMA controller will send a hold (HLDA) sig- 
nal to the CPU. The DMA then assumes control of all system busses. 
Data is transferred from the peripheral to a sequential block of memory 
locations, or from a block of memory to the peripheral. 


When the DMA controller has possession of the busses, it generates its 
own addresses and control signals. These signals are identical to those 
sent from the CPU. Buffers U239 and U233, and transceivers U220, 
U239, and U224 allow the DMA to place its commands on the busses 
only when the DMA controls the busses. 
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ROMs U208 and 0217 


ROMs U208 and U217 store the basic procedures the CPU must use 
to begin processing software and the system diagnostics. These devices 
tell the CPU such things as how to initialize the system on powerup, and 
how to read the keyboard. 


Chip Select Logic and Timing 


The devices shown on sheet 3 of the schematic provide the address de- 
coding to enable the various devices on the CPU card, and to control 
the timing of the DMA signals. 


U201 drives the diagnostic LEDs. This hex "D" flip-flop is set or reset, 
depending on the results of diagnostic tests. 


Programmable Peripheral Interface 


The programmable peripheral interface (РР!), U230, functions as a gen- 
eral purpose /О component to interface between the CPU and the 
keyboard, the programmable interval timer (PIT), and the configuration 
switches. 


U230 contains three 8-bit, bidirectional, 3-state ports. The CPU com- 
municates with the peripherals through these ports. 


Port A is used for most of the data gathering. Configuration switch SW1 
and the keyboard are connected to multiplexers U215 and U214, which 
select which device will be written into port A. 


Port B is used for timing signals to the PIT. 


Port C is used to read the state of configuration switch SW2. 
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Keyboard Communication 


The keyboard sends data in a serial format. When data is received, an 
interrupt request (IRQ1) is sent to the programmable interrupt controller. 
Data is shifted into serial-in, parallel-out shift register U202. When 8 bits 
of data have been collected, the data is transferred to the РР! and then 
read by the CPU. 


Programmable Interval Timer 


The PIT, U232, operates as three independent 16-bit counters. All 
modes of operation are software programmable by the control signals 
and data received from the CPU. An internal 3-state buffer is used to 
connect the PIT to the system data bus. The counter outputs are OUTO, 
OUT1, and OUT2. 


These clocks are loaded with a starting count and then count down until 
0 is reached. When they reach 0, they send a signal to the output. This 
signal then is processed as a system interrupt and causes a specific 
function to occur. 


Clock O causes the CPU to issue a memory refresh signal. Clock 1 
causes a DMA request and is used to update the system time-of-day 
clock. Clock 2 is used to provide the beeper frequency to the keyboard. 


Chapter 6 
Troubleshooting 


Introduction 


Three software-based diagnostic aids are available to service personnel. 
These are the status LEDs, the ROM-based diagnostics, and the disk- 
based diagnostics (CB-5063-13). The status LEDs are located on the 
backplane board and on the CPU card; they are used to indicate the 
failure of major portions of the system. The ROM-based diagnostics in- 
clude the power-up test (done automatically when the system is 
switched on) and several other complete tests which are selected from 
the menu. The operation of these tests is discussed in the Base Unit 
Service Module. The disk-based diagnostics are available as an option 
and are much more complete than the ROM-based diagnostics. 


Servicing the CPU card with an oscilloscope is difficult because of the 
variable nature of the microprocessor. With experience, a technician can 
gather much information about the status of the card using an oscillo- 
scope. 


In order to obtain completely reliable information with the oscilloscope, 
it is necessary to write machine language programs to exercise the 
hardware so that predictable results are obtained in the desired location. 
No such programs are provided in this manual. 
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System Troubleshooting 


System troubleshooting, using the ROM-based diagnostics, is covered in 
the appropriate Base Unit Service Module of the Z-100 PC Series of 
service modules. Refer to the applicable service module, or to the disk- 
based diagnostics documentation (СВ-5063-13). 


The LEDs on the CPU card have a diagnostic function, and are shown 
in Figure 6.1. All of these LEDs should light when the system is first 
switched on, and go out one at a time until only the RDY LED is on. 
(The RDY LED goes out when the operating system is loaded into 
RAM.) If the CPU, ROM, or INT LED is on, the CPU has failed. 


CPU CARD 


Figure 6.1. CPU LEDs 
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CPU Troubleshooting 


Most of the circuitry on the CPU card is absolutely essential to the oper- 
ation of all parts of the computer system. In most cases, a failure on 
the CPU card will prevent system operation. Certain failures will be indi- 
cated by either a lit status LED or a CPU failure error message. 


A CPU failure error message will be displayed only if there is a partial 
failure of the microprocessor. If this message is displayed, replace the 
microprocessor. 


A lit CPU LED indicates that either the microprocessor or its associated 
latches or buffers have failed. 


Refer to the documentation supplied with the diagnostic disk (CB-5063- 
13) for information on the disk-based diagnostic tests. 


If the software tests do not work, first check the backplane LEDs (Figure 
6.2). All of these LEDs should be lit. The —5 VDC LED indicates a 
backplane failure. All other LEDs indicate a power supply failure. 


Use an oscilloscope to check the outputs of clock generator U211. Pin 
12 should have a 14.31818 MHz square wave output, and pin 8 should 
have a 4.77 MHz square wave output. 


BACKPLANE BOARD 


Figure 6.2. Backplane LEDs 
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Check the outputs from the CPU (U212) against the timing diagram 
shown in Figure 6.3. Note, however, that this timing diagram illustrates 
only the read and write functions of the CPU. Some CPU operations are 
internal and do not require all of the interface signals shown in the dia- 
gram. All of the pulses shown in the timing diagram should occur, and 
they should have the timing with respect to the other signals which is 
shown. Note that the actual frequency of these pulses is variable. 


Pulses also should occur on pins 1 and 11 of the address latches U222, 
U241, and U242. Transceiver U223 should have pulses of variable fre- 
quency on pins 1 and 19. 


Pulses should occur, with variable frequency, on all other ICs on the 
card. 
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Figure 6.3. Timing Diagram 


Chapter 7 
CPU Card Parts List 


Introduction 


This portion of the service module contains a component view of the 
CPU card (part numbers HE 181-5574, HE 181-4646, HE 181-5442, or 
HE 181-5059) and the related parts lists. Refer to Figure 7.1 for the lo- 
cation of the parts and components described in this chapter. Refer to 
Chapter 8, "CPU Semiconductor Identification,” for descriptions of 
semiconductor devices used on these cards. 


NOTE: The actual part number is not printed on the card. The card can 
be identified by the part number of the bare (no components installed) 
card, which is printed on the card. Card HE 181-4646 and card HE 181- 
5442 have a bare card part number of 85-3000. Card HE 181-5059 
(80C88) has bare card part number 85-3017-1 printed on the card, and 
card HE 181-5574 has bare card part number 85-2889-1. 


NOTE: Cards HE 181-4646 and HE 181-5442 are identical except that 
all 74LS series components have been replaced by 74ALS series com- 
ponents. Card HE 181-5574 has a static RAM chip installed at U206. 
The ICs on this and card HE 181-5059 begin at U200, which corres- 
ponds with U201 on the other two cards. The component numbers are 
identical after U206. U231 is not used on any of these cards. Card HE 
181-5059 uses the 80C88 and has a flip-flop installed at U231. 


CAUTION: This card contains electrostatic-sensitive devices (ESD). 
Exercise extreme care when handling these devices to prevent damage. 
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Figure 7.1. CPU Card Component Layout 
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Parts List 


CIRCUIT CIRCUIT 
REFERENCE ZDS REFERENCE ZDS 
DESIGNATOR PART NO. DESCRIPTION DESIGNATOR PART NO. DESCRIPTION 
Capacitors C236 HE 21-786 .1 ҺЕ ceramic 
C237 HE 21-786 Л pF ceramic 
C201 HE 21-786 .1 АЕ ceramic C238 HE 21-786 .1 АЕ ceramic 
C202 HE 21-786 .1 wF ceramic C239 HE 21-786 .1 „Е ceramic 
C203 HE 21-786 .1 АР ceramic C240 HE 21-786 .1 АР ceramic 
C204 HE 21-786 .1 АР ceramic 
C205 HE 21-786 Л „Е ceramic C241 HE 21-786 .1 pF ceramic 
C242 HE 21-786 .1 pF ceramic 
C206 HE 21-786 1 АР ceramic C243 HE 21-786 .1 АР ceramic 
C207 HE 25-940 22 „Е electrolytic C244 HE 21-786 .1 pF ceramic 
C208 HE 21-786 1 uF ceramic C245 HE 21-786 .1 АР ceramic 
С209 НЕ 21-786 .1 wF ceramic 
C210 HE 21-786 .1 „Е ceramic C246 HE 21-786 .1 БЕ ceramic 
C247 HE 21-786 .1 „Е ceramic 
C212 НЕ A1796 PIE ceramic C249 HE 21-786 А F ceramic 
Wels UE 21-766 цог Өөр С250 НЕ 21-786 А pF ceramic 
С214 НЕ 21-786 Л ҺЕ ceramic 
-215 НЕ SAGO | ВТА С251 НЕ 21-43 100 pF ceramic 
C216 HE 25-195 2.2 ҺЕ tantalum де -717% 01 ҺЕ ceramic* 
C217 HE 21-786 Tr Ceramic C252 HE 21-43 100 pF ceramic 
C218 HE 21-786 .1 wF ceramic m 
C219 HE 21-761 .01 ЫР glass HE 21-717* 01 ҺЕ ceramic* 
С220 НЕ 21-786 .1 F ceramic 
| Diodes 
C221 HE 21-786 .1 АЕ ceramic 
С222 НЕ 21-786 Л ҺЕ сегатіс CR201 HE 412-654 LED, red 
C223 HE 21-786 E ҺЕ сегатіс CR202 HE 412-654 LED, red 
C224 HE 21-786 .1 pF ceramic CR203 HE 412-654 LED, red 
C225 HE 21-786 .1 ҺЕ ceramic CR204 HE 412-654 LED, red 
| СН205 НЕ 412-654 LED, red 
C226 HE 21-786 Л pF ceramic 
C227 HE 21-786 2 ҺЕ сегатіс CR206 HE 412-654 LED, red 
C228 HE 21-43 100 pF ceramic CR207 HE 56-56 10 mA, 75 V, 
or IN4149 
HE 21-22 220 pF ceramic* 
C229 HE 21-22 220 pF ceramic Chokes and Pins 
C230 HE 21-786 .1 АЕ ceramic 
L201 Not Used 
C231 HE 21-786 .1 pF ceramic L202 Not Used 
C232 HE 21-786 .1 АР ceramic L203 HE 45-629 10 uH, RF choke 
C233 HE 21-786 .1 uF ceramic L204 HE 45-629 10 рН, RF choke 
C234 HE 21-786 E ҺЕ сегатіс 1205 НЕ 45-629 10 uH, RF choke 
C235 HE 21-786 .1 АР ceramic 
L206 HE 45-629 10 uH, RF choke 
P201 HE 432-1231 4M MOLEX right angle 
* Not installed on HE 181-5326 card. P202 HE 432-1349 10M MOLEX 


* Not installed on HE 181-5236 card. 
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CIRCUIT 
REFERENCE 


DESIGNATOR 


Resistors 


R201 
R202 
R203 
R204 
R205 


R206 
R207 
R208 
RP201 
RP202 


RP203 
RP204 
RP205 


Switches 


5М/201 
SW202 


Integrated Circuits 


9200 (0201)% 


9201 (0202) 


0202 (0203) 


9203 (0204) 


9204 (0205) 


9205 (0206) 


205 
РАНТ МО. 


НЕ 6-103-12 
НЕ 6-511-12 
НЕ 6-151-12 
НЕ 6-220-12 
НЕ 6-472-12 


НЕ 6-511-12 
НЕ 6-270-12 
НЕ 6-471-12 
НЕ 9-132 
НЕ 9-133 


НЕ 9-133 
НЕ 9-133 
НЕ 9-155 


НЕ 60-657 
НЕ 60-657 


НЕ 443-879* 
НЕ 443-299 


НЕ 443-769 
НЕ 434-298 


НЕ 443-1084 
НЕ 443-298 


НЕ 443-1072 

НЕ 434-298 
ог 

НЕ 443-875 

НЕ 434-298 


НЕ 443-877 
НЕ 434-299 


НЕ 443-800 
or 

HE 443-1230 

HE 434-298 


DESCRIPTION 


10 КО 
5100 
150 0 
220 

4.7 КО 


510 Q 

270 

470 0 

330 О resistor pack 
4.7 КО resistor pack 


4.7 КО resistor pack 
4.7 КО resistor pack 
2.2 КО resistor pack 


DIP, SPST 
DIP, SPST 


Flip-flop, hex D* 
Socket 


Shift register, 8-bit* 
Socket 


Buffer, hex 
Socket 


OR gate, quad 2-input 
Socket 


OR gate, quad 2-input 
Socket 


Decoder 
Socket 


NOR gate, triple 3-input 


NOR gate, triple 3-input 
Socket 


* Circuit Designator in parentheses applies to the HE 181-4646 
and HE 181-5442 cards. 


CIRCUIT 


REFERENCE 
DESIGNATOR 


ZDS 
PART NO. 


Integrated Circuits (Continued) 


U206* * 


Џ207жжжж 


U208* жж ж 


0209 


9210 


211 


9212 


9213 


9214 


9215 


0216 


0217 


0218 


НЕ 443-1138 
НЕ 434-312 


НЕ 444-229-8 
НЕ 434-312 


НЕ 444-260-8 
НЕ 434-312 


НЕ 443-1170 

НЕ 434-253 

НЕ 443-728 
or 

HE 443-1080 

HE 434-298 


HE 443-1011 
HE 343-310 


HE 443-1009 
or 
HE 443-1228*** 
HE 434-253 
HE 443-1168 
HE 434-253 


HE 443-799 
HE 434-299 


HE 443-799 
HE 434-299 


HE 443-967 
HE 434-298 


HE 443-730 
HE 443-298 


HE 443-730 
HE 434-298 


DESCRIPTION 


Static RAM, 8K x 8 
Socket 


System monitor ROM 1 
Socket 


System monitor ROM 2 
Socket 


Programmable DMA 
controller 

Socket 

NAND gate, quad 2-input 


NAND gate, quad 2-input 
Socket 


Clock generator driver 
Socket 


8088 Microprocessor 


80C88 Microprocessor* * * 
Socket 


8087 Coprocessor 
(Optional) 
Socket 


Mux, quad 2-input 
Socket 


Mux quad 2-input 
Socket 


Inverter, hex 
Socket 


Flip-flop, dual D 
Socket 


Flip-flop, dual D 
Socket 


жж Not used on cards HE 181-4646 or HE 181-5442. 


*** Used on HE 181-5059 card only. 


****Must be replaced as a set. 
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CPU Card Parts List 


CIRCUIT 
REFERENCE ZDS 
DESIGNATOR PART NO. DESCRIPTION 


Integrated Circuits (Continued) 


U219 HE 443-780 AND gate, quad 2-input 
or 
HE 443-1073 AND gate, quad 2-input 
HE 434-298 Socket 
U220 HE 443-885 Transceiver 
HE 434-311 Socket 
U221 HE 443-1172 Delay element 
HE 434-299 Socket 
U222 HE 443-837 Latch, 8-bit 3-state 
HE 434-311 Socket 
U223 HE 443-885 Transceiver 
HE 434-311 Socket 
U224 HE 443-1047 NAND gate, triple 
3-input 
HE 434-298 Socket 
U225 HE 443-864 AND gate, triple 
3-input 
or 
HE 443-1078 AND gate, triple 
3-input 
HE 434-298 Socket 
U226 HE 443-1051 Flip-flop, dual D 
HE 434-298 Socket 
U227 HE 443-1053 Flip-flop, hex D 
HE 434-299 Socket 
U228 HE 443-1173 Register file, 4 x 4 
HE 434-299 Socket 
U229 HE 443-799 Mux, quad 2-input 
HE 434-299 Socket 
U230 HE 443-1021 Interface 
HE 434-253 Socket 
U231 HE-443-1051**** Flip-flop, dual D**** 


HE-434-298* » жж 


Socket* * * ж 


жжжж Used only on HE 181-5059. Not installed on other cards. 


CIRCUIT 
REFERENCE 


DESIGNATOR 


U232 


U233 


U234 


U235 


U236 


U237 


U238 


U239 


U240 


U241 


U242 


U243 


U244 


ZDS 
PART NO. 


HE 443-1066 
HE 434-307 


HE 443-754 
HE 434-311 


HE 443-755 
Or 

HE 443-1082 

HE 434-298 

HE 443-728 


Or 
HE 443-1080 


HE 434-298 


HE 444-228 
HE 434-299 


HE 443-1012 
HE 434-312 


HE 443-837 
HE 434-311 


HE 443-791 
HE 434-311 


HE 443-839 
HE 434-298 


HE 443-837 
HE 434-311 


HE 443-837 
HE 434-311 


HE 443-1169 
HE 434-311 


HE 443-885 
HE 434-311 


DESCRIPTION 


Timer, programmable 
interval 
Socket 


Buffer, octal 3-state 
Socket 


Inverter, hex 


Inverter, hex 
Socket 


NAND gate, quad 
2-input 


NAND gate, quad 
2-input 
Socket 


ROM, select 
Socket 


Controller, interrupt 
Socket 


Latch, 8-bit 3-state 
Socket 


Buffer/driver, 
3-state 
Socket 


Transceiver, quad 
Socket 


Latch, 8-bit 3-state 
Socket 


Latch, 8-bit 3-state 
Socket 


Controller, bus 
Socket 


Transceiver 
Socket 
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CPU Card Parts List 


CIRCUIT 
REFERENCE 
DESIGNATOR 


Crystal 
Y1 
Jumper 
J201 


Miscellaneous 


ZDS 
PART NO. 


HE 404-673 


HE 432-1171 


HE 204-2718 
HE 250-1411 


HE 75-139 
HE 75-792 
HE 250-1408 


DESCRIPTION 


Crystal 


Pin 2M MOLEX 


Bracket 

Screw, pan head Phillips 
4-40 x .250" 

Insulator 

Insulator 

Screw, pan head 

4-AB x .375" 


НЕАТН 
РАНТ DEVICE 
NUMBER NUMBER 


HE 443-728 74LS00 


HE 443-730 7415290 


Chapter 8 
Semiconductor Identification 


Introduction 


This chapter will help to identify the various semiconductor devices in- 
stalled on the CPU card by cross-referencing, where applicable, the 
Zenith/Heath part numbers with generic/alternate device numbers. The 
components are listed in ascending numerical order, along with device 
number (where applicable), and device lead configuration. 


Part Number Index 


DESCRIPTION LEAD CONFIGURATION 


U210, U235 
NAND, quad 2-input 


Мес 2018 2) 2CK 2PR 2Q 20 


U217, U218 
Counter, BCD 


1СЕК 10 1СК ТРК 10 10 GND 
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Semiconductor Identification 


HEATH 
PART DEVICE 
NUMBER NUMBER DESCRIPTION LEAD CONFIGURATION 
Vcc 26 n E Е г B - 
al ла 
НЕ 443-754 7415240 0233 
Buffer, оста! 3-state D VETE Ue Te 
РЕ 
16 lAl 2A4 1А2 2Y3 1A3 272 u E] 
HE 443-755 741504 9234 


Inverter, hex 


релета OE а" 
Усс Он 06 Ор OE CLEAR CLOCK 


“Hehe hH H oH He 
| OE 7 
HE 443-769 74LS164 U201 R 


Shift register, 8-bit 


HE 443-780 74LS08 U219 
AND, quad 2-input 


Page 8.3 


Semiconductor Identification 


HEATH 
PART DEVICE 
NUMBER NUMBER DESCRIPTION LEAD CONFIGURATION 
Vec м 2M № 243 193 242 1 2 
НЕ 443-791 7415244 9239 
Buffer/driver 3-state 
ТС lAl 2Y4 142 2Y3 1А3 22 144 271 GND 
INPUTS INPUTS 
Vcc STROBE 4A 4B 4Ү ЗА 3B 3Y 
HE 443-799 74LS157 U214, U215, U229 
Multiplexer, quad 2-input 
SELECT 1А 18 lY 2A 2B 2Y GND 
ева ОР Ceo OUTPUT 
INPUTS INPUTS 
HE 443-800 74LS27 U205 
NOR, triple 3-input 
| 
ger: 
HE 443-837 74LS373 U222, U238, 


U241, U242 
Latch, 8-bit 3-state 


OUTPUT 10 10 20 20 30 3D 4D 40 GND 
CONTROL 
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Semiconductor Identification 


HEATH 
PART DEVICE 
NUMBER NUMBER DESCRIPTION LEAD CONFIGURATION 
Vcc GBA NC 18 2B 3B 4B 
HE 443-839 74LS243 U240 
Transceiver, quad 
HE 443-864 741511 0225 
AND, triple 3-input 
HE 443-875 74LS32 U203 
OR, quad 2-input 
1А 1В lY 2A 2B 2Y GND 
HE 443-877 7415138 0204 


Decoder СА 628 


А B и GND 
T M Жете МА 648 Сі, 
SELECT ENABLE OUTPUT 
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Semiconductor Identification 


HEATH 
PART DEVICE 
NUMBER NUMBER DESCRIPTION LEAD CONFIGURATION 
Vcc a Е B m Т. | 
НЕ 443-879 74LS174 U200 
Flip-flop, hex D 
оч 
Ej 0 ЕЗ Ш Fi B8 
HE 443-885 74LS245 U220, U223, U244 
Transceiver ЫГ 5 заг VÀ ти та x 
erer 5А 8 190 
DR A А2 АЗ M А А6 А 48 GND 
HE 443-967 7406 U216 
Inverter, hex 
НЕ 443-1009 8088 U212 


Microprocessor 
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Semiconductor Identification 


HEATH 
PART 


DEVICE 


LEAD CONFIGURATION 


DESCRIPTION 


NUMBER 


NUMBER 


U211 


8284 


HE 443-1011 


— 
Ф 
> 
= 
79 
— 
ш 
О 
“-2 
G 
x 
Ф 
с 
Ф 
о 
x 
о 
9 
О 


0237 


8259 


-1012 


НЕ 443 


Controller, interrupt 


U230 


8255 


1021 


HE 443 


Interface 


U224 


74ALS10 


HE 443-1047 


NAND, triple 3-input 
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Semiconductor Identification 


HEATH 
PART DEVICE 
NUMBER NUMBER DESCRIPTION LEAD CONFIGURATION 
2 2 2 
Vcc CIR 2D CLK PRE 20 20 
HE 443-1051 74А1574 U226, U231 J OR N PACKAGE 
Flip-flop, dual D 
Vec 4 4Q 4D 3D 3Q 3Q CLOCK 
HE 443-1053 748174 U227 
Flip-flop, hex D 
HE 443-1066 8253-5 U232 
Timer, programmable interval 
HE 443-1072  74ALS32 U203 


OR, quad 2-input 


1А 1B 1Y 2A 2B 2Y | GND 
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Semiconductor Identification 


HEATH 
PART DEVICE 
NUMBER NUMBER DESCRIPTION LEAD CONFIGURATION 
Vcc B4 A4 Y4 B3 A3 УЗ 
HE 443-1073  74А1508 U219 
AND, quad 2-input 
НЕ 443-1078 — 74ALS11 U225 
AND, triple 3-input 
HE 443-1080 74ALSOO U235, U210 
NAND, quad 2-input 
НЕ 443-1082  74ALSO4 0234 


Inverter, hex 
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Semiconductor Identification 


HEATH 
PART DEVICE 
NUMBER NUMBER DESCRIPTION LEAD CONFIGURATION 
Vec БА бү 5А 5 А 4y 
НЕ 443-1084 741519 9202 
Buffer, hex 
НЕ 443-1138 6264Р15 9206 
RAM, static 8K х 8 
„ааа ао 8 258 
бол! а = Бе ~> ÉE S Ола 
> =< =< с =< xc c — ~ Z Z пп о © C о oc с c 
Е 
HE 443-1168 8087 9213 
Coprocessor, numeric 
ивемам 
азааасаа ааалаалааадагсс ча 
> = Сб Эс» кыз қыл Ox 
о — = < < < < < < < < < а 
< co < =< 
200022 MC pr 
Vcc 50 52 PDN DEN (СЕМ INTA IORC AIOWC IOWC 
HE 443-1169 8288 U243 


Controller, bus 


ОВ CLK 51 ODT/R АЕ AEN MROC AMWC MWTC GND 
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Semiconductor Identification 


HEATH 
PART DEVICE 
NUMBER NUMBER DESCRIPTION LEAD CONFIGURATION 
= 
222уЇ 92% 2 e S S = 28 2 Z Zz2 ве 
El 
НЕ 443-1170  8237A-5 U209 
Controller, programmable DMA 
EL 
ЗЕ еҙ 22 °S ЕЕ 
= ac < C. Са = 
Vcc А6 Y6 A5 Y5 B4 A4 y4 
HE 443-1172 741531 U221 
Delay element 
WRITE SELECT ENABLE OUTPUTS 
Vcc D] ‘Wa WB ‘WRITE READ Ql Q 
HE 443-1173  7415670 U228 


Register file, 4 x 4 


DATA READ SELECT OUTPUTS 
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Semiconductor Identification 


HEATH 
PART DEVICE 
NUMBER NUMBER DESCRIPTION LEAD CONFIGURATION 
НЕ 443-1228  80С88 U212 
Microprocessor 
"c а wv OG в ^ Y» 
НЕ 443-1230 74А1527 U205 
NOR, triple 3-input 
Al Bl A2 В? C2 үә GND 
HE 444-229-4 U207 


Monitor ROM #1 


Vpp А12 A7 Аб А5 Ад Аз А2 Al AQ 00 01 02 GND 
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Semiconductor Identification 


HEATH 

PART DEVICE 

NUMBER NUMBER DESCRIPTION LEAD CONFIGURATION 

HE 444-260-4 U208 

Monitor ROM £2 

Мрр А АТ Аб A5 А4 АЗ № Al А0 00 01 02 СМ 
Vcc A; CE CH о с 03 04 

HE 444-228 U236 


ROM, select 


A6 A5 A4 A3 AQ A1 A2 GND 


+Sv 


u234 b A С УЕ а 
чггь RDY 88 443-1009 омо 


GND 
MIN/MAX 


INTR вова 


Мес 
калето 


L2o2 


А19 
A18 


A17 


N 
Alo 
A 
уд NPINSTL 1 м 
INT87 211210 Jo Аба 
443-728 4 : у AD3 13 
U234 10 3 NMI AD4 В 
443-755 — 445-728 ENBNMI e[u219 Jo ADS 14 
sap > ÉRIGER ius Ур 
ИА РТИ ИС "ENT 
е Ги | 
loss — mo 
Ї 
TF E — 
еі IOCHCK 
-— BR 
204 
i 201 187 
Ме GND 
443-1168 не 
ey 
PORT 26-21, Rear БОВЕ Иран о 
Ела Be 
x ВНЕ/57 А19 
твод READY 2r 
u 19 
232 TRON CLK88 22 А 
ы <СЫВОг — сі Ба 
ses < ВОЗ Е Е 21223 
На : 
B23 < | IRQS 13 epe 
пране d = a 
прати | — 7 пари 
ха > INIRGS M: огч 
BIOR d AD6 
ш» ШОК CENE 
usas > ВТО j м = 
иго BAG ија. Ди Rau че oe 
QS1 
dias CPU AEN 


112 19 


[443-756 


u210 
443-728 


ALL CAPACITORS ARE ФЛЪЕ P/N 21-786 UNLESS OTHERWISE NOTED. 


ALL RESISTORS ARE 1/4 


Z £ o d ИНН T 3.6 ame 


u222 


443-837 


WATT 


5% 


- > АЗ! RP2O3' 
s A1 Se 
6 Аё Í > A29 
иггг 9 АЗ = 
443-837 АА Azp 
12 [ > AST 
15 АЗ [> Аге 
16 де Ї » А25 
А? 
19 А 
С> ле MODIFICATION 
ALE FOR 
LOCK < ua2s ! 80C 88 
УЛ an AA 
АВ Гэ» A23 
A9 [> Azz 
А1ф (> Агл 
All xd e hae 
A12. ДЕ 
A13 ка 
АМ [> Ат 
Als + > Ав 
BRESET 0209 м216 ,U230 
1234 
га ae BRESET — — < u227,u218,u201 C 
4 је RESET DRY 83 
443-754 U233 А16 Го» Ач 
А\? {> А14 
А18 [L > A13 
A19 [>з 
IOCHCK < uzsa 
CLK88 0221,0239 
Ард -AD7 
22 Со ^ 
р! D kB 
D2 > ar 
p» > Ав 
D4 Ба S. АВ 
05 шар» АВ 
Dé С> ^з 
07 Сэ 
ЕМИРА 
50 — и225 
Be E u225 
52 4225 NOTES: PARTS ORDERING INFORMATION: 
1. ALL RESISTOR VALUES ARE IN OHMS (к = 1,000, M = Н you order a part from Zenith Data Systems, use the (HE) 
1,000,000) ALL RESISTORS ARE 1/4-WATT, 596 UNLESS OTHER- prefix. Example: 
WISE SPECIFIED. 
ALE HE 443-730 
[> вв 2. ALL CAPACITOR VALUES ARE IN „Е (MICROFARADS), UNLESS 
OTHERWISE SPECIFIED. Н you order a part from Heath Company, DO NOT use the 
(HE) prefix. Example: 
3. REFER TO THE CIRCUIT BOARD COMPONENT VIEW FOR THE 
PHYSICAL LOCATION OF PARTS. 443-730 
4243, ЕДИ } | ee | semiconductor type numbers (Example: 7415153), refer 
to the "Semiconductor Identification Chart." 
n 4.7K LEGEND: 
Р205 . 
UR ја 1. 17 CIRCUIT BOARD GROUND INDEX: 
TOW 2. --Ш +5V Sheet 1 044 
a 91 7| 8| 6 {> өз Z-150 DMA CONTROLLER, ROMS AND BUS BUFFERS CPU 
8 MEMW i> ви з. | > Bus sIGNAL CARD 
1234 е Е 
9 T ЫЗ [> ви „> MECHANICAL CONNECTION Sheet 2014 
8 7 МЕМЕ 2-150 PROCESSOR AND SUPPORTS CPU CARD 
р — > ма 5. —> DIRECTION TO 
443-755 ж5У "1 Sheet 3 of 4 
е, С. 
| 34 £ 2 6. > DIRECTION FROM 2-150 DMA CONTROL, WAIT LOGIC, DECODE CPU CARD 


UNLESS OTHERWISE NOTED. 


4 


7: —— NO CONNECTION 
8. -ф- СОММЕСТЮМ 

У А 
585-62-02 


ОМА CONTROLLER, ROMS 
AND BUS BUFFERS CPU CARD 


SHEET 1 OF 4 


Sheet 4 of 4 
2-150 TIMER, KEYBOARD, SOUND AND SWITCHES CPU CARD 


%5У 


Copyright © 1984 
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ё ! 
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мее BA6 ээ Цин AN же МА 
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s 808 1 ISR mm A19 [ > А12 
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22 ВМЕМЕ 5 TOW 443-1170 
DMA CS HRQ 
4205 > 225,U226 
С шо 0 cmt U Sp ` шағы С 
a Lor ei. oe | ше 
u22, УРМА СЕК МЕ | zi 
цоо ЕЕ К uou o - Блек - 
ВЕ F 7. 1 7 ТІ ното ВИ НА у o cre ша 
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шы коор о СИНИ C OS - RETACK une 
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е C MEMR E ыл BMEMR 
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BDe 
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585-62-02 
DMA CONTROL, WAIT LOGIC, DECODE 
CPU CARD 
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02027 
444 -229 


2244 0206 9238 
443-885 443-806 443-837 | C24 


ALL CAPACITORS SHOWN ARE ДАДЕ P/N 21-78 UNLESS OTHERWISE NOTED. 
ALL RESISTOR ARE 1/4 WATT 5 95 UNLESS OTHERVISE NOTED. 
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585-62-02 
DMA CONTROL, WAIT LOGIC, DECODE 
CPU CARD 


SHEET 3 OF 4 


и224 
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4234 U226 0235 9221 
443-755 443-1051 443-728 443-1172 


ALL CAPACITORS SHOWN ARE @.1 UF P/N 21-786 UNLESS OTHERWISE NOTED. 
ALL RESISTORS SHOWN ARE 1/4 WATT 5% UNLESS OTHERWISE NOTED. 
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E | DRQ Ø u2 oq 
yatı > РСК 238MHz Ж! | 
09209 КЕ АСК 2237 
U233 ЕТ 
R204 
221 
Z 11 сЕ 
з | U235 јр e О Фі ЦЕ SPEAKER 
цаа BIOR $P201 
цаас > РТОМ Е 443-728 
Tian га 6 
wed - NAMEN +> 
па РЕ б 
U226 1 443-1666 443-967 
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этге џго2. (1203)  (ueo3)u202 5 
U205 PPI CS С) PEN 445-1084 443-1084 KYBPWR 
ным 5 PRESET m ee Leos 
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ALL CAPACITORS SHOWN АВЕ ФАЦЕ РИМ 21-786 UNLESS OTHERWISE. NOTED. | 
ALL RESISTORS ARE 1/4 WATT 5% UNLE.SS OTHERWISE NOTED. 
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Abbreviations 


Asynchronous Communication Element 


Address Enable 

Carrier Detect 

Central Processing Unit 
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Demultiplexer 

Dual Inline Pack 

Direct Memory Access 
Data Set Ready 

Data Terminal Ready 
Floppy Disk Controller 
Interrupt 

Input/Output 
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Chapter 1 
Introduction 


The floppy disk controller card is divided into two sections: the floppy 
disk controller for the 5.25-inch floppy disk drives, and a pair of serial 
input/output (/О) channels for communication. Two schematics are sup- 
plied with this service module, one for each section. 


Tools and Test Equipment 


e Disk-Based Diagnostics Manual, Model CB-5063-13, Part Number 
595-3176 

е Loop back cables for Input/Output Port Diagnostics, HE 134-1433 

е VOM 

e Frequency Counter 

е Oscilloscope (100 MHz minimum) 

Specifications 

Serial Input/Output 

Number of DTE Channels: 2 

Controllers: Western Digital 8250 ACE (2 — one per 

channel) 

Baud Rates: 50 to 19,200 baud 

Communication: Asynchronous 

Word Length: 5, 6, 7, or8 bits per word 

Parity: Odd, even, or none 

Start Bits: 1 

Stop Bits: 1 0г2 

Control Functions: CTS, RTS, DSR, DTR, RI, and/or CD 

CPU Port Addressing: СОМ (ОЗЕВН-ОЗЕЕН) 


COM? (02D0-02DF) 
Full or Half Duplex: Software programmable 
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Floppy Disk Controller 


Disks Supported: 
Number: 

Controller: 

CPU Port Addressing: 
Heads: 

Format: 


Motor Start Time: 
Head Load Time: 
Head Settle Time: 
Track Stepping: 


5.25-inch double-sided double-density 
Up to 4 

NEC »PD765 

ОЗҒОН-ОЗЕ?Н 

2 

40 tracks, 8 or 9 sectors/track, 512 bytes/ 
sector, double-density, modified frequency 
modulation (MFM) encoding 

500 ms 

35 ms 

25 ms 

6 ms track-to-track 


Chapter 2 
Installation and Configuration 


For installation instructions, see the Z-100 PC Series Base Units Service 
Modules. 


Configuration 


The floppy disk controller card has two jumper blocks, J501 and J502 
(see Figure 2.1). Normally, only IR3 of J502 is jumpered; the rest do 
not have jumpers. 


DISK CONTROLLER CARD 


Figure 2.1. Card Jumpers 


Chapter 3 
Operation 


The operation of both the floppy disk controller and serial input/output 
channels is covered in the "Manufacturer's Data Sheets," Chapter 8. Refer 
to the disk-based diagnostics (CB-5063-13) for specific tests that can be 
performed on this card to check its operation. 


Serial Interfacing 


Table 3.1 and Figures 3.1 and 3.2 provide the pinout and voltage levels 
for the two RS-232 connectors. 


Table 3.1. RS-232 Connector Pinout 
PIN SIGNAL | 


Chassis Ground 

Transmit Data 

Receive Data 

Request to Send (RTS) 
Clear to Send (CTS) 

Data Set Ready (DSR) 
Signal Ground 

Carrier Detect (CD) 

Data Terminal Ready (DTR) 
Ring Indicate (RI) 


N O со +N O) Q 530 N = 


№№ № 


All other pins are NC (not connected). 


© 
Q 


Figure 3.1. RS-232 Connector Pinout 
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- — 


SN INVALID, LEVELS ААА 


72 кен - 
= 


Figure 3.2. Serial Interface Voltage Levels 


-3 VOLTS 


-15 VOLTS 


Chapter 4 
Theory of Operation 


The floppy disk controller card actually has two sections: the controller 
itself and a pair of serial input/output channels. 


Serial Input/Output Interface 


The serial input/output section of the board is limited to ten (10) active 
elements. Refer to the block diagram in Figure 4.1 for the following discus- 


sion. 
COMPUTER DATA AND ADDRESS BUS 
ARRAY LOGIC AND TRANSCEIVER 
ACE ACE 
- [= ши 
Н5-232 |00 ввегаа CONNECTOR | RS-232 | RS-292 CONNECTOR 0000 


Figure 4.1. Block Diagram — Serial Input/Output Channels 
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Theory of Operation 


Addressing from the computer's data and address bus is decoded by the 
array logic. The bidirectional transceiver provides the bus interface to each 
of two asynchronous communication elements (ACEs) — one for each 
channel. The ACEs convert a serial input into a parallel output, and vice 
versa, through internal receiver, transmitter, and control sections. In addi- 
tion, the ACE provides management of the serial control signals (word 
length, start and stop bits, and parity) and speed. Refer to the "Manufac- 
turers Data Sheets," Chapter 8, for more information. The interfaces to 
the RS-232 connectors are provided by separate receivers and drivers. 


Floppy Disk Controller 


Refer to the block diagram in Figure 4.2 for the following discussion. 


Addressing from the computer's address bus is decoded by the address 
buffers. This, along with the input data via data transceiver, provides the 
input and control signals to the status control latch, programmable array 
logic (PAL) decoder, and floppy disk controller (FDC). 


The status control latch and the PAL decoder generate the drive select 
signal and the direct memory access (DMA) acknowledge. The DMA con- 
troller generates the DMA request and interrupt for DMA transfers to and 
from disk to system memory. 


On instructions from the host computer, the FDC executes seek and re- 
calibrate commands, monitors drive status, handles serial/parallel and 
parallel/serial from the disk accesses. 


The clock provides the timing for the FDC and DMA controller. 
The 1/О controller selects the disk drive control signals and write gates. 


The data recovery circuit consists of a voltage-controlled oscillator (VCO), 
phase-locked loop (PLL), and precompensation generator. The data to 
be written is sent through a write pulse shaper and precompensation 
generator to the disk. During a read operation, the read pulse shaper 
defines the center of the raw data bit (window pulse). The VCO and PLL 
work in conjunction to recover the raw data. The data and a read gate 
are then sent to the FDC. 
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DRIVE SELECT 


CONTROL PAL 
LATCH DECODER 


BUFFERS 
AND 


COM 1 


CPU 


TROLLER | | | 


ОАТА ОАТА 
ТВАМ5- 
CEIVER 


BUFFERS 
AND 
COM2 


мо 

CONTROLLER 
MUX 

DEMUX 


READ 
PULSE 
SHAPER 


ADORESS RI ADDRESS WRITE DATA/GATE 


DECODER 


2mHZ 4mHZ 
PRECOMP 
CLOCK GENERATOR 

4mHZ 


READ GATE DATA 
RECOVERY 


Figure 4.2. Block Diagram — Floppy Disk Controller 


Chapter 5 
Detailed Circuit Descriptions 


The following pages describe the operation of the circuits on the floppy 
disk controller and serial input/output card for the Z-100 PC Series Com- 
puters. 


Serial Input/Output 


Refer to sheet one (1) of the schematic for the following description. 


Card addressing from the bus is decoded by the array logic in 9532 (when 
/AEN becomes active). COM1 (U507, U509, U523, and P503), or COM2 
(0506, 0535, 0536, and P504) is selected by generating CSUA1* (ад- 
dresses ОЗЕВН-ОЗЕЕН) or CSUA2* (addresses 0200-0208), respectively, 
depending upon the status of address bit A8. Refer to Table 5.1 and 
Figure 5.1 for the PAL equation and pinout. The direction of the signal 
is determined by the state of IORD*. (U522 controls both channels.) 


Table 5.1. U532 Array Logic Equations 


OUTPUT INPUT 

/CSUA1 = A3*A4*A5*A6*A7*A8*A9*AEN 

/CSUA2 = A3*A4*A5*A6*A7*/A8*AQ*AEN 

/DELAYO = ЛОРО 

/DIRC = A3*A4*A5*A6*A7*A9*AEN*IORD + A3*A4*A5*AG6*A7*A9*DELAYI*AEN 
/GATE = A3*A4*A5*A6*A7*AQ*AEN 


| DELAYO 
Vcc МС /CSUA2 /GATE /DIRC | /CSUAI NC2  NCI ЛОКО 


A3 A4 A5 А6 А? АЗ A9 [ГАЕМ DELAY! GND 


Figure 5.1. U532 Array Logic Pinout 
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Detailed Circuit Descriptions 


Data flow is through the transceiver (U534); direction is determined by 
ОНС» and GATE* from the array logic (0532). In the ACEs, direction 
(function — receive or transmit) is determined by IORD* and IOWR* 
from the computer's bus. 


RESET (from the computer's bus) clears the array logic and the internal 
buffers of the two ACEs (except the receive buffer, transmitter holding, 
and divisor latches) through pin 35 (MR — Master Reset). 


U520 supplies the baud clock frequency base of 1.8432 MHz. 

The output is driven by 0523 (COM1) and U536 (COMO). The interfacing 
for the input is handled by U509 and U522, pin 4 (COM1), and U535 
апа U522, pin 1 (СОМ2). 


0508 is a tri-state buffer that is used to detect and initiate an interrupt 
cycle through the jumpers at J502. 


The L-C network (L599 and C574) and the passive L-C filters at the card's 
connectors are used to reduce RF emission levels. 


Floppy Disk Controller 


Refer to sheet two (2) of the schematic for the following discussion. 


The floppy disk controller is hardwired for a base address of ОЗЕОН by 
U519 апа U529. Additional port addressing is provided бу 0521 and U511 
to provide access to various internal controller registers and decoding 
of commands. Refer to Table 5.2 for a programming summary. 
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Table 5.2. Programming Summary 


REGISTER INPUT/OUTPUT PORT ADDRESS 
Floppy Disk Controller Data Register O3F5H 
Floppy Disk Controller Status Register ОЗЕ4Н 
Digital Output Register OSF1H 


Bit Description 

0 & 1 Drive Select: 00 = driveA; 012 B, 10 = C,and 11 = D 
2 Not Floppy Disk Controller Reset 

3 Enable INT and ОМА Requests 

4 Drive A Motor Enable 

5 Drive B Motor Enable 

6 Drive C Motor Enable 

7 Drive D Motor Enable 

Note: А!! bits are cleared with channel reset. 


FDC Constants: 
N 02H 
SC 08H 
HUT OFH 
SRT OCH 
GPL FORMAT 05H 
GPL RD/WR 2AH 
HLT 01H 


Drive Constants: 
HDLoad 35ms' 
HD бейе 25т52 
Motor Start 500ms? 
Track-Track 6ms 


Comments: 

1 The head will load with drive select; wait the HD load time before attempting read/write 
operations. 

? Following disk access, wait the HD settle time before attempting read/write operations. 

3 The motor must be on for a drive to be selected. 


Read (RD) and Write (WR) determination originate with the central proc- 
essing unit (CPU) (IO/RD* and IO/WR*) and enter the card through 0521. 
The output of U521 is sent to the floppy disk controller (U510) and controls 
the bidirectional transceiver (U533). 
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Detailed Circuit Descriptions 


Data input and output is buffered by the octal transceiver (U533) onto 
an on-board data bus, and sent to the floppy disk controller (U510) and 
the octal flip-flop status control latch (U527). The array logic device (U528) 
maps which motor and drive is selected (DS1*-DS4*) from the data fed 
to it by the status control latch and CPU control signals. Refer to Table 
5.3 and Figure 5.2. 


Table 5.3. U528 Array Logic Equations 


OUTPUT INPUT 


/DS1 /Q0*/Q1*/Q4 
/DS2 Q0*/Q1*Q5 
/DS3 /00%01%06 
/DS4 Q0*Q1*Q7 
MOTOR /Q4*/Q5*/Q6*/Q7 
/RDWR SEL + DACK2* DMAGATE 
TCO /DACK2 +/TC 
/DACK DMAGATE*DACK2 
MOTOR 
Усс /NC /RDWR /053 /054 /DS2 /051 TCO/DACK | № NC 


00 от 01 06 05 | 04 TC | /SE NCN GND 
DMAGATE | DACK2 


Figure 5.2. 0528 Array Logic Pinout 


DMA handling by the DMA processor on the CPU card is determined 
by the DRQ2 signal that originates with the floppy disk controller 
(ОВО = 1), delayed by 0503 and driven by 0530. Interrupt (INT) request 
IR6 also originates in the floppy disk controller and is driven by U530 
onto the computer's backplane bus. 
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Timing for the floppy disk controller (U510) is determined by a 4.00 MHz 
clock (U501). U502 provides write timing to the floppy disk controller and 
produces the 2 MHz signal for the DMA delay flip-flop (U503). 


Disk timing (soft-sectoring requires recognition of the beginning of each 
track) is provided by INDEX Ах (СОМ1) or INDEX B* (СОМ2) from the 
disk selected by the MUX (U531) through an inverter (U512) to the floppy 
disk controller input at pin 17 (IDX). 


The FDC outputs various floppy disk control signals through a tri-state 
buffer (U524) and MUX (U531) to the two drive connectors. See the 
p PD765 Data Sheet located in Chapter 8 for more information on the 
signals used and generated by the floppy disk controller. 


One half of the multivibrator (U514A) is used to keep the drive motors 
enabled for 2 to 3 seconds after the last access. The timing of the multivi- 
brator is determined by the R-C network (R509 and C529). Feedback 
into the circuitry is provided through the tri-state buffer (U508) back into 
DO. The board also supplies a means to feed back a ready signal from 
the drives through J501 and 0508 to D1 (not currently used in 2-150/160 
applications). 


УСО Џ504 is biased by the --5 VDC regulator (U505); the input (of the 
VCO) is adjusted to 1.4 V by the BIAS R505 control. Measurement of 
this voltage can be taken at test point 2 (TP2). The output of the VCO 
(U504) is adjusted to 2 MHz (measured at TP1) with R501 and feeds 
the phase-locked loop (PLL) IC (U525). The VCO is used in conjunction 
with U525 and U513 for precompensation and data separation. 


U514B (provides 40 ns pulses) and U516B (provides 250 ns pulses) shape 
the read data from the disk for use by the rest of the card. Timing is 
controlled by the two R-C networks (R512 and C549 and R514 and C541, 
respectively). U516A (provides 1 ms pulses) modifies the width of the 
write data sent to the disk. Timing is provided by an R-C network (R513 
and C539). 


Open collector output signal drive is provided by buffers U515, Џ517, 
and U518. 


Chapter 6 
Troubleshooting and Adjustments 


Observe the normal precautions for electrostatic sensitive devices while 
handling this board or any of its components. 


Adjustment Sequence and Tests 


Serial Input/Output 


The input/output portion of this card has no adjustments. U520 is the 
baud rate generator. Check to make sure that its output frequency is 
1.8432 MHz. 


Floppy Disk Controller 


The following adjustment sequence is for the operation of the floppy disk 
controller only. 


ЇЕ The following cards must be installed in the computer: 
e СРЏ сага 
е Memory card; one ог two — make sure the CPU switches are 
properly set 


e Video card 
e Floppy disk controller card 


2. Turn on the computer. Check for +5 VDC and + 12 VDC input 
voltage to the disk drives. Make sure the CPU, ROM, RAM, INT, 
DSK, and RDY LEDs on the CPU card go out. If all but the DSK 
or RDY LED go out, proceed to the troubleshooting chart in this 
service module. If one of the other LEDs remain on, proceed to 
the troubleshooting chart in either the System CPU Card Service 
Module or the Memory Cards Service Module. 


NOTE: The DSK LED will be on if the disk is not booted. 


NOTE: The RDY LED will not go out if the VCO is off frequency. 
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3. Refer to Figure 6.1. Set your voltmeter to the --5 VDC range and 
measure the voltage from ground (on the card) to TP2. It should 
read -1.4 volts. If it doesn't, adjust the BIAS control (R505) to 
read exactly 1.4 volts. 


4. Measure the frequency at TP1 with an oscilloscope or frequency 
counter. It should read exactly 2 MHz. If it does not, adjust the 
FREQ control (R501) to read 2MHz. NOTE: This signal should be 
a clean square wave. 


Figure 6.1. Card Test Points 
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Troubleshooting 


General 


Dirty contacts can cause intermittent problems. If you suspect dirty con- 
tacts, carefully clean all card edge contacts with a Gold Wipe. 


Serial Input/Output 


Power-up diagnostics do not check serial input/output. Therefore, if you 
are experiencing trouble with the output of one or both of the serial ports, 
you will need to check several things before assuming component or card 
failure. Most suspected problems in serial input/output situations are not 
hardware related, but originate with either the software or incorrect protocol 
for serial communications. 


If you have the disk-based diagnostics (a purchase option), refer to the 
Disk-Based Diagnostics Manual, Chapter 4, "Input/Output Port Diagnos- 
tics," and run the input/output portion of the diagnostic programs. You 
will need to purchase two cables to complete these tests (part numbers 
134-1433 and 438-64). If the diagnostics indicate no problem, use the 
following procedures in the order indicated. 


1. Check for the correct serial cable. The two ports are DTE output 
devices and you cannot use the HCA-10, -11, or -12 cables as 
indicated in ZDS literature with this computer. You must use "null 
modem" cables, which are supplied under the HCA-50, -51, and 
-52 catalog numbers. 


2. If you are sure the cable is correct, run the CONFIGUR utility (sup- 
plied with MS™-DOS) and reconfigure the output port as needed 
for the protocol required by the serial device with which you are 
attempting to communicate. 


MS is a trademark of Microsoft Corporation. 
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NOTE: MS-DOS normally routes the printer output through the 
parallel port. To use a serial printer, the customer must run CON- 
FIGUR before the printer will operate correctly. 


3. If you are still experiencing problems with a serial device, try it with 
another computer that is known to work. Try both the hardware 
and customer's software. This should establish whether or not the 
fault lies with the device, computer, or software. 


4. If you have established that the problem appears to be hardware- 
oriented and in the customer's computer, try the other channel. 


NOTE: Remember to run CONFIGUR to route your signals through the 
correct connector. 


It is highly unlikely that both ports will give you identical symptoms; 
for the most part, the circuitry uses different components for each 
port. 


5. If none of the preceding checks have resulted in any positive identifi- 
cation of the problem, replace the floppy disk controller serial input/ ` 
output card and rerun your checks. This should isolate the problem 
to the card. If the card is at fault, use Table 6.1 for checking the 
individual components. 
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Table 6.1. Serial Input/Output Component Failures 


SYMPTOM SUSPECTED PARTS THINGS TO CHECK 
No output U532 Using Table 5.1 and Figure 5.1, check the input and output signals 
(both channels) from this array logic. 
U520, L599, C574 Check for a base frequency of 1.8432 MHz. 
Power distribution Check for + 5 VDC on the Vcc input of any IC. 
Data fault U534 Check for proper gating of signals through this IC. Pin 1 determines 
(both channels) direction, pin 19 enables. 
U532 Using Table 5.1 and Figure 5.1, check the input and output signals 
from this array logic, particularly DIRCIO* and GATE*. 
U520, L599, C574 Check for a base frequency of 1.8432 MHz. 
No output СОМ! U523, 0509, 0522 Check the signal flow through the drivers and receivers. 
U507 Check the output signals from the ACE (refer to the data sheets 
for more information). 
No output COM2 U535, U536, U522 Check the signal flow through the drivers and receivers. 
U506 Check the output signals from the ACE (refer to the data sheets 


for more information). 


Wrong baud rate 


(СОМ1 & СОМ2) 0520, L599, C574 Check for a base frequency of 1.8432 MHz. 

(СОМ1) 9507 Replace ACE. 

(COM2) U506 Replace ACE. 

Active interrupt (СОМ1) This may be a normal condition created by software. If checking another computer using the 


same software results in different symptoms or resolves the problem, then replace U508. 


Active interrupt (COM2) This condition can be obtained only when J502 is jumpered. Make sure the customer desires 
this configuration. If this is desired, configure another computer with the appropriate jumper 
and try the same software on it. If this resolves the problem, then replace U508. 
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Floppy Disk Controller 


Floppy disk systems can exhibit a number of symptoms that can be traced 
to poor or bad disks, dirty or misaligned disk drive heads, or improper 
user operation. As a result of any of these problems, several different 
error messages can be generated by either the computer firmware (ROM) 
or operating system software. You should be familiar with normal disk 
operation in computers before attempting to service this section of the 
floppy disk controller card. 


The following quick checks should isolate the problem to the card, disk 
drive, or other parts of the computer system. 


1: 


On normal powerup, check the CPU diagnostic LEDs for proper 
sequencing. 


e With autoboot switched off (see CPU card switch settings), the 
DSK light on the CPU card should be the last light to go out 
(except for the RDY light, which will remain lit until a disk has 
been successfully booted). 


e With autoboot switched on (floppy disk boot), the DSK light will 
remain on until. a disk is inserted. Otherwise, an error message 
will be generated, which reads: 


+ + + DISK ERROR: DRIVE NOT READY! + + + 


This is a normal error message and indicates that а bootable disk 
has not been placed in the disk drive. Timing of the timeout is con- 
trolled by the ROMs on the CPU card. Therefore, if you get this 
error message immediately after resetting the computer (press the 
CTRL, ALT, and DEL keys at the same time), you should check 
the ROM on the CPU card. 


Other conditions that can cause this error message include a disk 
improperly placed in the drive and a drive door (latch) which is not 
closed. 
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On normal powerup, the message: 
+ + + DISK ERROR: Seek failure! + + + 


can result from the disk drives not being plugged into the controller 
card or not receiving the correct power supply voltages. After having 
the computer off for at least five seconds, turn it back on and watch 
the drive access indicators. If they momentarily come on, the drive 
is probably receiving the correct power supply voltages and signals 
from the floppy disk controller. Make the next check. 


On normal powerup, the messages: 


+ + + DISK ERROR: Invalid address mark detected! + + + 
+ + + DISK ERROR: Sector not found! + + + 
+ + + DISK ERROR: Seek failure! + + + 
+++ DISK ERROR: CRC error! + + + 


or no error message at а! (but the system is attempting to boot 
a disk) can indicate a bad or unformatted disk, wrong format (CP/M 
instead of MS-DOS), or wrong operating system (Z-DOS instead 
of MS-DOS). The "sector not found" error message also may indi- 
cate a data disk (non-bootable disk). 


In any of these cases, reset the computer (you probably will have 
to turn it off, wait five seconds, and then turn it back on), and attempt 
to boot the system with a known good disk. Do not use distribution 
disks for this purpose; use a backup. 


The message: 
System disk 


indicates that the disk has the correct format, but not an operating 
System. 


If you are servicing the computer with the drives out, make sure 
that all parts are free to move normally. Do not lay the drive flat 
on top of the power supply. The magnetic flux fields can interfere 
with normal disk movement and cause the "seek failure" error mes- 
sage, even with a good disk. 
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Troubleshooting and Adjustments 


10. 


If you are using a known "good" disk and the drive does not "gar- 
bage" it (that is, erase or rewrite the information on it), then check 
the VCO bias voltage and output. (See the Adjustments section 
of this chapter.) 


If the DSK LED on the CPU card does not go out and the disk 
access LED on the front(s) of the drive(s) glows, check to make 
sure that the drive cable is plugged in correctly. If it is reversed, 
the LEDs on the front of the disk drives will glow and the CPU 
DSK LED will not go out. Do not use P502 unless you have drives 
plugged into P501, or software that is configured to support drives 
2 and 3 (hardware unit numbers — drives 0 and 1 should be plugged 
into P501). 


Run the disk read test from the Monitor ROM (Test 1). This test 
will give the same results for both a drive plugged into P501 and 
a drive plugged into P502. However, you cannot boot an unmodified 
MS-DOS from P502 without the correct device drivers and/or a mod- 
ified command interpreter. 


If the diagnostic disk is available and can be booted, refer to the 
Disk-Based Diagnostics Manual, Chapter 6, "Floppy Disk Diagnos- 
tics," and run the tests. Be aware, however, that these tests are 
designed to check drive reliability and will not aid you in locating 
problems in the controller, especially if you used it to boot the diag- 
nostic disk. 


If none of the preceding checks have resulted in any positive identifi- 
cation of the problem, replace the floppy disk controller serial input/ 
output card and rerun your checks. This should isolate the problem 
to the card. If the card is at fault, use Table 6.2 for checking the 
individual components. 
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Table 6.2. Floppy Disk Controller Component Failures 


SYMPTOM 


General 


Display indicates no 
controller present. 


Drive motors don't 

turn on. 

Drive motors come on 

but don't stay on. 

Data is “даградеа” coming 


from a good disk. 


Bad card addressing 


SUSPECTED PARTS 


Cables and cards 


U521 


U533, 0527, 0528, 0514, 
U529, U518 
power supply voltages 


U514A, C529, R560 


U530, U503, U510 


U519, U529, U511, U527 


THINGS TO CHECK 


Check all cables and cards to make sure they are installed cor- 
rectly. Improperly installed cables can create a number of prob- 
lems, most of which should have shown up during the previous 
quick checks. 


Check each chip for the MOTOR signal. Џ533 — Џ527 — 528 
(ріп 15). Check the input to 0528 with the input and output signals 
in Table 5.3 and Figure 5.2. 


Check the width of the pulse after last access. It should last from 
2 to 3 seconds. 


Read errors going into memory; DMA signals. Without proper DMA 
signals, the DMA processor may not be handling the signals cor- 
rectly. Also check the DMA processor on the CPU card. 


Check for correct address decoding. 


or selection 
Read sector errors U531, U512 Check for correct index line coming from the drives. 
Precomp problems U510, U525, U513, U516, Check for correct precomp signals (early, late). 
pus U504 Also check VCO bias voltage (TP2) and frequency (TP1). 
Garbaged data U514, U516, U525 Check signal pulse sizes (see circuit description for details). 
Won't write to disk U510, U525, U530, U511 Check for write gate (WRITE ENABLE from U510 through U511 


to both U530 and U525). 


Chapter 7 
Parts List 


The floppy disk controller card is part number HE 181-4647, or 
HE 181-5325. Refer to Figure 7.1 to identify replacement parts. An X 
in the parts list represents the presence of a particular part on the indicated 
floppy disk controller card. 


CAUTION: This card contains electrostatic-sensitive devices (ESDs). 
Exercise extreme care in handling these devices to prevent damage. 


NOTE: Refer to the Semiconductor Identification section of this chapter 
or Chapter 8, "Manufacturer's Data Sheets," for descriptions of semicon- 
ductor devices. 
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Figure 7.1. Floppy Disk Controller Card Component View 
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Parts List 


Floppy Disk Controller Card Parts 


REFERENCE HEATH PART 


DESIGNATOR NUMBER DESCRIPTION HE 181-4647 HE 181-5325 
Capacitors 

C501 HE 21-786 1 АЕ ceramic X X 
C502 HE 21-786 .1 АЕ ceramic X X 
C503 HE 21-786 .1 uF ceramic Х Х 
С504 НЕ 21-786 .1 АЕ ceramic Х Х 
С505 HE 21-769 .01 „Е ceramic X X 
C506 HE 21-769 .01 „Е ceramic X X 
C507 HE 25-924 2.2 uF, 50V, electrolytic X X 
C508 HE 25-924 2.2 „Е, 50V, electrolytic X X 
C509 HE 21-785 22 pF, ceramic X X 
C510 HE 21-785 22 pF, ceramic X X 
C511 HE 21-785 22 pF, ceramic X X 
C512 HE 21-785 22 pF, ceramic X X 
C513 HE 21-785 22 pF, ceramic X X 
C514 HE 21-785 22 pF, ceramic X X 
C515 HE 21-785 22 pF, ceramic X X 
C516 HE 21-785 22 pF, ceramic X X 
C517 HE 21-785 22 pF, ceramic X X 
C518 HE 21-785 22 pF, ceramic X X 
C519 HE 21-785 22 pF, ceramic X X 
C520 HE 21-785 22 pF, ceramic X X 
C521 HE 21-785 22 pF, ceramic X X 
C522 HE 21-785 22 pF, ceramic X X 
C523 HE 21-786 .1 АЕ, ceramic X X 
C524 HE 21-786 ЛЫР, ceramic X X 
C525 HE 21-786 .1 АЕР, ceramic X X 
C526 HE 21-744 82 pF, ceramic X Х 
С527 HE 21-786 .1 uF, ceramic X X 
C528 HE 21-786 Л АР, ceramic X X 
C529 HE 25-918 100 „Е, electrolytic X X 
C530 HE 21-786 ЛЫР, ceramic X X 
C531 HE 27-217 .68 ҺЕ, Mylar X X 
C532 HE 25-917 10 uF, electrolytic X X 
C533 HE 21-786 .1 АР, ceramic X Х 
C534 HE 25-841 4.7 „Е, tantalum Х Х 
С535 HE 21-786 .1 АЕ, ceramic X X 
C536 HE 21-786 .1 АР, ceramic X X 
C537 HE 21-786 Л БЕ, ceramic Х Х 
С538 НЕ 21-786 .1 uF, ceramic X X 
C539 HE 21-744 82 pF, ceramic X X 
C540 HE 21-786 ЛЫР, ceramic X X 
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eee 


REFERENCE HEATH PART 
DESIGNATOR NUMBER 


Capacitors (continued) 


C541 
C542 
C543 
C544 
C545 


C546 
C547 
C548 
C549 
C550 


C551 
C552 
C553 
C554 
C555 


C556 
C557 
C558 
C559 
C560 


C561 
C562 
C563 
C564 
C565 


C566 
C567 
C568 
C569 
C570 


C571 
C572 
C573 
C574 


LED 

CR501 
Connectors 
J501 A 

J501 B 


J502 A 
J502 B 


HE 21-744 
HE 21-786 
HE 21-786 
HE 21-786 
HE 21-786 


HE 21-786 
HE 21-786 
HE 21-786 
HE 21-785 
HE 21-786 


HE 21-786 
HE 21-786 
HE 21-786 
HE 21-786 
HE 21-786 


HE 25-917 
HE 21-786 
HE 21-785 
HE 21-785 
HE 21-785 


HE 21-785 
HE 21-785 
HE 21-785 
HE 21-785 
HE 21-785 


HE 21-785 
HE 21-785 
HE 21-785 
HE 21-785 
HE 21-785 


HE 21-785 
HE 21-785 
HE 21-785 
HE 21-786 


HE 412-654 LED 


HE 432-1129 
HE 432-1129 
HE 432-1130 
HE 432-1130 


DESCRIPTION 


82 pF, ceramic 
Л uF, ceramic 
Л АР, ceramic 
ЛЫР, ceramic 
ЛЫР, ceramic 


.1 pf, ceramic 

ЛЫР, ceramic 
Л АР, ceramic 
22 pF, ceramic 
Л АР, ceramic 


Л АР, ceramic 
Лл uF, ceramic 
.1 АР, ceramic 
ЛЫР, ceramic 
Л АР, ceramic 


10 pF, electrolytic 


ЛЫР, ceramic 
22 pF, ceramic 
22 pF, ceramic 
22 pF, ceramic 


22 pF, ceramic 
22 pF, ceramic 
22 pF, ceramic 
22 pF, ceramic 
22 pF, ceramic 


22 pF, ceramic 
22 pF, ceramic 
22 pF, ceramic 
22 pF, ceramic 
22 pF, ceramic 


22 pF, ceramic 
22 pF, ceramic 
22 pF, ceramic 
.1 pF, ceramic 


4-pin MOLEX 
4-pin MOLEX 
6-pin MOLEX 
6-pin MOLEX 


HE 181-4647 


X X >x x > X X X х > X X х > x X X >x x x X X ж >x x X X > x x 


X X > x 


X х > x 


HE 181-5325 


X X x xx X X х x x X X х x x X X X x x 


X X X > x 
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REFERENCE HEATH PART 


DESIGNATOR NUMBER DESCRIPTION HE 181-4647 HE 181-5325 
Connectors (continued) 

P501 HE 432-1302 34-ріп X X 
P502 НЕ 432-1302 34-ріп X X 
P503 HE 432-1381 25-pin (DTE-RS-232) X X 
P504 HE 432-1381 25-pin (DTE-RS-232) X 

TP1 HE 432-121 34-pin X X 
TP2 HE 432-121 34-pin X X 
RF Chokes 

L501 HE 475-33 Ferrite core X X 
L502 HE 475-33 Ferrite core X X 
L503 HE 475-33 Ferrite core X X 
L504 HE 475-33 Ferrite core X X 
L505 HE 475-33 Ferrite core X X 
L506 HE 475-33 Ferrite core X X 
L507 HE 475-33 Ferrite core X X 
L508 HE 475-33 Ferrite core X X 
L509 HE 475-33 Ferrite core X X 
L510 HE 475-33 Ferrite core X X 
L511 HE 475-33 Ferrite core X X 
L512 HE 475-33 Ferrite core X X 
L513 HE 475-33 Ferrite core X X 
L514 HE 475-33 Ferrite core Х Х 
1515 НЕ 475-33 Ferrite core X X 
L516 HE 475-33 Ferrite core X X 
1517 НЕ 475-33 Ferrite core X X 
L518 HE 475-33 Ferrite core X X 
L519 HE 475-33 Ferrite core X X 
L520 HE 475-33 Ferrite core X X 
L521 HE 475-33 Ferrite core X X 
L522 HE 475-33 Ferrite core X X 
L523 HE 475-33 Ferrite core X X 
L524 HE 475-33 Ferrite core X X 
1525 НЕ 475-33 Ferrite core X X 
L526 HE 475-33 Ferrite core X 

L527 HE 475-33 Ferrite core X 

L528 HE 475-33 Ferrite core X 

L529 HE 475-33 Ferrite core X 

L530 HE 475-33 Ferrite core X 

L531 HE 475-33 Ferrite core X 

L532 HE 475-33 Ferrite core X 

L599 HE 235-229 35 ьн X X 


REFERENCE НЕАТНРАНТ 


DESIGNATOR 


NUMBER 


DESCRIPTION 


HE 181-4647 
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HE 181-5325 


Y  RINVNIIÉICP”CLIIIII<zHIIY,H,IËEHEI£É⁄Š€IIŠIOŠI€IIIIŠIIIÁIIIII<IIIŠI<IÉII,III€ICIW£€ÜCIIŠI@WƏIIZI€I€ÇC€IŠII£ZI€I€I@IYMIIII€⁄IIIIISIIIIIŠIIIIAI P> TəÉYIŠ@çGCÉIWYWWYMW@IWRKQWIBIITI T2I⁄ asss aaacaYY na LLLELCCL LLCÉLELEISLTÉ£LTTTÍT]TT]]j].S 


Controls and Resistors 


R501 
R502 
R503 
R504 
R505 
R506 


R507 
R508 
R509 
R510 
R511 


R512 
R513 
R514 
R515 
R516 


Resistor Packs 


HE 10-1154 
HE 6-103 
HE 6-103 
HE 6-473 
HE 10-1180 
Not Used 


HE 6-473 
HE 6-561 
HE 6-564 
HE 6-680 
HE 6-102 


HE 6-1001 
HE 6-103 
HE 6-4991 
HE 6-202 
HE 6-202 


RP501 HE 9-133 
RP502 HE 9-120 
RP503 HE 9-124 
RP504 HE 9-120 
RP505 HE 9-124 
RP506 HE 9-120 
Integrated Circuits 
U501 HE 150-132 
U502 HE 443-757 
HE 434-299 
U503 HE 443-752 
HE 434-299 
U504 HE 443-999 
HE 434-298 
U505 HE 442-627 
U506 HE 443-874 
HE 434-253 
U507 HE 443-874 
HE 434-253 
U508 HE 443-811 
HE 434-298 


10КО, control 
10КО, 596 resistor 
10КО, 596 resistor 
47КО, 596 resistor 
100КО, control 


47КО, 596 resistor 
560 О, 596 resistor 
560КО, 5% resistor 
68 О, 5% resistor 
1000 О, 596 resistor 


1000 О, 196 resistor 
10КО, 5% resistor 

4990 (), 196 resistor 
2000 (), 596 resistor 
2000 (), 596 resistor 


4.7KQ 
1500 
4.7 КО 
150 0 
4.7 Q 
150 0 


4.000 MHz crystal oscillator 


7415161 4-bit counter 
16-pin DIP IC socket 


74LS175 Quad D flip-flop 
16-pin DIP IC socket 


74LS624 Voltage controlled 
oscillator 

14-pin DIP IC socket 

78L05 5-volt regulator 


8250 ACE 
40-pin DIP IC socket 


8250 ACE 
40-pin DIP IC socket 


74LS125 Quad buffer, tri-state 


14-pin DIP IC socket 


>x x x X XX хххххх 


X X >x > x 


X X X x >x x 


X X х > x X X >x X >x x 


X X х x x 


X X х х x 


хх хх 
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REFERENCE HEATH PART 


DESIGNATOR NUMBER 
integrated Circuits (continued) 
U509 Not Used 
U510 HE 443-944 
HE 434-253 
U511 HE 443-875 
or 
HE 443-1072 
HE 434-298 
U512 HE 443-755 
or 
HE 443-1082 
HE 434-298 
U513 HE 41-17 
HE 434-298 
U514 HE 443-1040 
HE 434-299 
U515 HE 443-72 
HE 434-298 
U516 HE 443-1112 
HE 434-299 
U517 HE 443-72 
HE 434-298 
U518 HE 443-72 
HE 434-298 
U519 HE 443-732 
or 
HE 443-1231 
HE 434-298 
U520 HE 150-165 
U521 HE 443-875 
or 
HE 443-1072 
HE 434-298 
U522 Not Used 
U523 HE 443-794 
HE 434-298 


DESCRIPTION 


p PD765 Floppy disk controller 
40-pin DIP IC socket 


74LS32 Quad 2-input OR gate 


74ALS32 Quad 2-input OR gate 
14-pin DIP IC socket 


741504 Hex inverter 


74ALS04 Hex inverter 
14-pin DIP IC socket 


125 ns Delay module 
14-pin DIP IC socket 


961502 Multivibrator 
16-pin DIP IC socket 


7417 Hex buffer, open collector 
14-pin DIP IC socket 


9602 Retriggerable monostable 
multivibrator 
16-pin DIP IC socket 


7417 Hex buffer, open collector 
14-pin DIP IC socket 


7417 Hex buffer, open collector 
14-pin DIP IC socket 


74LS30 8-input МАМО gate 


74ALS30 8-input МАМО gate 
14-pin DIP IC socket 


.8432 MHz crystal oscillator 
74LS32 Quad 2-input OR gate 


74ALS32 Quad 2-input OR gate 
14-pin DIP IC socket 


75188 TTL RS-232 Driver 
14-pin DIP IC socket 


HE 181-4647 


HE 181-5325 
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Parts List 
REFERENCE HEATH PART 
DESIGNATOR NUMBER DESCRIPTION HE 181-4647 HE 181-5325 
integrated Circuits (continued) 
U524 HE 443-754 74LS240 Octal buffer, tri-state X X 
HE 434-311 20-pin DIP IC socket X X 
U525 HE 443-998 1691 Phase-locked loop X X 
HE 434-311 20-pin DIP IC socket X X 
U526 HE 443-872 74LS14 Hex inverter X X 
HE 434-298 14-pin DIP IC socket X X 
U527 HE 443-805 74LS273 Octal D flip-flop X X 
HE 434-311 20-pin DIP IC socket X X 
U528 HE 444-226 PAL X X 
HE 434-368 24-pin DIP IC socket X X 
U529 HE 443-779 741502 Quad 2-input NOR gate X X 
or 
НЕ443-1045  74А1502 Quad 2-input NOR gate Х Х 
НЕ 434-298 14-рт DIP IC socket Х Х 
0530 НЕ 443-1167 3487 Quad RS-422 line driver X X 
HE 434-299 16-pin DIP IC socket X X 
U531 HE 443-799 7415157 Quad 2-input 
multiplexer X X 
HE 434-299 16-pin DIP IC socket X X 
U532 HE 444-227 PAL X X 
HE 434-311 20-pin DIP IC socket X X 
0533 НЕ 443-885 74LS245 Transceiver X X 
HE 434-311 20-pin DIP IC socket X X 
U534 HE 443-885 74LS245 Transceiver Х Х 
ог 
НЕ 443-1097 74ALS245 Transceiver Х Х 
НЕ 434-311 20-pin DIP IC socket X X 
U535 HE 443-795 75189 TTL RS-232 Receiver X 
HE 434-298 14-pin DIP IC socket X 
U536 HE 443-794 75188 TTL Н5-232 Driver X 
HE 434-298 14-pin DIP IC socket X 
Miscellaneous 
5 НЕ 204-2720 Bracket X X 
10 HE 255-757 Spacer, hex 4-40 x .190 X X 
15 HE 255-757 Spacer, hex 4-40 x .190 X X 
20 HE 255-757 Spacer, hex 4-40 x .190 X X 
25 HE 255-757 Spacer, hex 4-40 x .190 X X 
30 HE 432-1041 2-ріп BERG jumper X 
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Semiconductor Identification 


This section provides assistance in semiconductor identification by use 
of a cross reference between Heath part numbers and semiconductor 
part numbers. The Heath part numbers are listed in numerical order with 
replacement part numbers (if available), description, and lead configuration 
in adjacent columns. The PAL equations are repeated in this chapter. 


Part Number Index 
HEATH MAY BE 
PART REPLACED LEAD CONFIGURATION 
NUMBER BY DESCRIPTION (TOP VIEW) 
HE 41-17 U513 
125 ns Delay module 
HE 150-132 U501 


4.000 MHz crystal oscillator 


HE 150-165 U520 
1.8432 MHz crystal oscillator 


Page 7.9 


Parts List 


HEATH MAY BE 
PART REPLACED LEAD CONFIGURATION 
NUMBER BY DESCRIPTION (TOP VIEW) 
HE 442-627 78L05 U505 
5-volt regulator OUT 
GROUND 
IN 
HE 443-72 7417 515, U517, U518 
Hex buffer, 
open collector 
HE 443-732 74LS30 U519 
or 8-input NAND gate 
HE 443-1231 74А| 530 
НЕ 443-752 7415175 0503 


Quad D flip-flop 


CLEAR 10 10 1D 2D 20 29 GND 
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Parts List 
HEATH MAY BE 
PART REPLACED LEAD CONFIGURATION 
NUMBER BY DESCRIPTION (TOP VIEW) 
Vcc 26 171 2А4 1Ү2 2A3 1Y3 2A? 1Ү4 2А1 
HE 443-754 7415240 0524 
Octal buffer, tri-state ЮУ PETAT oa TT 
Ha ита ЭД 
EE] rer rer 
18 H В n 2Y3 1АЗ 2Y2 1А4 2Y1 GND 
HE 443-755 74LS04 U512 
or Hex inverter 
HE 443-1082 74ALS04 
RIPPLE OUTPUTS 
САВВУ ---------------- ENABLE 
VCC OUTPUT QA QB QC QD T 1040 
HE 443-757 74LS161 U502 
4-bit counter 
CLEAR CLOCK А B С р ENABLE GND 
Rn 
DATA INPUTS 
HE 443-779 741502 0529 
ог Quad 2-input 


HE 443-1045 74ALSO2 NOR gate 
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HEATH MAY BE 
PART REPLACED LEAD CONFIGURATION 
NUMBER BY DESCRIPTION (TOP VIEW) 
+12 4В 4A 4Y 3B 3A 3Y 
HE 443-794 75188 U523, U536 
TTL RS-232 driver 
HE 443-795 75189 U535 
TTL RS-232 receiver 
INPUTS | лет ДЕО лэл 
Vcc STROBE 4А 4B 4 Y 3A 3B 3Y 
HE 443-799 74LS157 U531 
Quad 2-input multiplexer 
SELECT IA 1B lY 2A 2B 2Y СМ 
-»еы- (ОІЛРЛ —— — OUTPUT 
INPUTS INPUTS 
Vcc 8& 8D 70 70 6 6 5D SQ CLOCK 
на ашаша аша алж BL 
ГАРЫГ Lari 
CLEA CLEAR CLEA 
HE 443-805 7415273 0527 PAR MEE ВН ПИ 
Octal D flip-flop 5 T: 


R 
D 


10 


R 
IRL DEPT 
iB 4 КА Шәй 


Q Q 


1Q 2D 3D 4D 4Q GND 
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HEATH MAY BE 
PART REPLACED LEAD CONFIGURATION 
NUMBER BY DESCRIPTION (TOP VIEW) 
Vcc 4C 4A 4Y 3C 3A 3Y 

HE 443-811 74LS125 U508 

Quad buffer, tri-state 
HE 443-872 74LS14 U526 

Hex inverter 
HE 443-874 8250 U506, U507 

ACE 
HE 443-875 74LS32 U511, U521 

or Quad 2-input OR gate 


HE 443-1072 74ALS32 
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HEATH MAY BE 
PART REPLACED LEAD CONFIGURATION 
NUMBER BY DESCRIPTION (TOP VIEW) 
ёс. 
Усс E A m m B8 
Геј 
НЕ 443-885 7415245 0533, 0534 J | T: T T T T т Эр 
ог Transceiver 
HE 443-1097 74ALS245 L ШЕ: VA Ду; NA yA JA yA y % 
Яза 17 е = ж 
ОК Al A2 АЗ M А5 А6 А7 A8 GND 
тт m ы > 
XE E NEM MD дис sa iE au = ó 
ЗЕЕ боя 525: 52525 
ева 
НЕ 443-944 p. PD765 U510 


Floppy disk controller 


HE 443-998 1691 U525 
Phase-locked loop 
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Parts List 
== еэ 


НЕАТН МАҮ ВЕ 
РАВТ REPLACED LEAD CONFIGURATION 
NUMBER BY DESCRIPTION (TOP VIEW) 
V FREQ V Ї 
CC CONTROL NC NC NC CC OUTPUT 
n CONTROL Z шщ 
НЕ 443-999 74LS624 U504 RANGE 
Voltage controlled oscillator 
GND RANGE СХІ СХ2 ENABLE Y GND 
OUTPUT 
HE 443-1040 961502 0514 
Multivibrator 
HE 443-1112 9602 U516 


Retriggerable monostable 
multivibrator 
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Parts List 
HEATH MAY BE 
PART REPLACED LEAD CONFIGURATION 
NUMBER BY | DESCRIPTION (TOP VIEW) 
Усс INPUTD D DC/DCONTROLC C  INPUTC 
HE 443-1167 3487 U530 
Quad В5-422 line driver 
INPUTA A A А/В CONTROL В B ІМРОТВ GND 
MOTOR 
Усс /NC/RDWR /053 /054 /DS2 /051 TCO/DACK | № NC 
HE 444-226 U528 
Programmable 
Array Logic (PAL) 
00 07 01 06 Q | 04 TC | /SEL NCN GND 
DMAGATE | DACK2 
| DELAYO 
Vcc МС /CSUA2 /GATE /DIRC | /CSUAl NC2 №1 /IORD 
HE 444-227 U532 
Programmable 
Array Logic (PAL) 


A5 A6 АТ АВ A9 ГАЕМ DELAYI GND 
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PAL Equations 


PAL equations are Boolean expressions where / equals a negated signal, 
* equals an AND function, and + equals an OR function. 


OUTPUT INPUT 


U532 Array Logic Equations 


/CSUA1 = АЗ*А4*А5*Аб*А7*А8*А9*АЕМ 

/CSUA2 = A3*A4*A5*A6*A7*/A8*AQ*AEN 

/DELAYO = ЛОКО 

/DIRC = AS3*A4*A5*A6*A7* A9* AEN*IORD + A3*A4*A5*A6*A7*A9*DELAYI*AEN 
/GATE = AS3*A4*A5*A6*A7* A9* AEN 


U528 Array Logic Equations 


/DS1 = /Q0*/Q1*/Q4 

/DS2 = Q0*/Q1*Q5 

/DS3 = /Q0*Q1*Q6 

/DS4 = Q0*Q1*Q7 

MOTOR = /Q4*/Q5*/Q6*/Q7 
/RDWR = SEL+DACK2*DMAGATE 
TCO = /DACK2+/TC 


/DACK = DMAGATE*DACK2 


Chapter 8 
Manufacturer's Data Sheets 


The following pages contain data sheets. The „РО765А Single/Double 
Density Floppy Disk Controller data sheet is reprinted with permission 
of, and licensed by, NEC Electronics Inc. Copyright NEC Electronics Inc. 
1984. 


The following data sheets are reprinted with the permission of Western 
Digital: 


Western Digital WD8250 Asynchronous Communication Element 
Western Digital 1691 Floppy Support Logic 
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Manufacturer's Data Sheets 


NEC uPD765A 
NEC Electronics U.S.A. Inc. 


Microcomputer Division 


SINGLE/DOUBLE DENSITY 
FLOPPY DISK CONTROLLER 


DESCRIPTION The иРО765 is ап LSI Floppy Disk Controller (FDC) Chip, which contains the circuitry and control 
functions for interfacing a processor to 4 Floppy Disk Drives. It is capable of supporting either 
1ВМ 3740 single density format (FM), or IBM System 34 Double Density format (MFM) including 
double sided recording. The uPD765 provides control signals which simplify the design of an 
external phase locked loop, and write precompensation circuitry. The FDC simpiifies and handles 
most of the burdens associated with implementing a Floppy Disk Interface. 


Hand-shaking signals are provided in the uPD765 which make DMA operation easy to incorporate 
with the aid of an external DMA Controller chip, such as the џРОВ257. The FDC will operate in 
either DMA or Non-DMA mode. In the Non-DMA mode, the F DC generates interrupts to the 
processor every time a data byte is available. In the DMA mode, the processor need only load the 
command into the FDC and all data transfers occur under control of the uPD765 and ОМА 
controller. 


There are 15 separate commands which the uPD765 will execute. Each of these commands require 
multiple 8-bit bytes to fully specify the operation which the processor wishes the F DC to perform. 
The following commands are available: 


Read Data Scan High or Equal Write Deleted Data 

Read ID Scan Low or Equal Seek 

Read Deleted Data Specify Recalibrate (Restore to Track O) 
Read a Track Write Data Sense Interrupt Status 

Scan Equal Format a Track Sense Drive Status 


FEATURES qw Address mark detection circuitry is internal to the FDC which simplifies the phase locked loop and 
read electronics. The track stepping rate, head load time, and head unload time may be programmed 
by the user. The uPD765 offers many additional features such as multiple sector transfers in both 
read and write with a single command, and full IBM compatibility in both single and double 


density modes. 

е 1ВМ Compatible in Both Single and Double Density Recording Formats 

е Programmable Data Record Lengths: 128, 256, 512, or 1024 Bytes/Sector 

e Multi-Sector and Multi-Track Transfer Capability 

е Drive Up to 4 Floppy Disks 

e Data Scan Capability — Will Scan a Single Sector or an Entire Cylinder's Worth of Data Fields, 


Comparing on a Byte by Byte Basis, Data in the Processor's Memory with Data Read from the 
Diskette 


e Data Transfers іп DMA or Non-DMA Mode 
e Parallel Seek Operations on Up to Four Drives 
e Compatible with Most Microprocessors Including 8080A, 8085A, uPD780 (Z80TM) 
е Single Phase 8 MHz Clock 
e Single *5 Volt Power Supply 
ө Available in 40 Pin Plastic Dual-in-Line Package 
PIN CONFIGURATION ВЕЗЕТ Усс 
RO RW/SEEK 
WR LCT/DIR 
TS FR/STP 
AQ HDL 
DBo RDY 
DB, WP/TS 
082 FLT/TR( 
DB3 Р50 
ОВ4 Р51 
ОВ5 WDA 
086 950 
087 951 
е ово но 
DACK MFM 
TC WE 
ох усо 
INT RO 
CLK ROW 
GND WCK 


ТМ:280 is a registered trademark of Zilog, Inc. 
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DATA BUS 
овоз (20) BUFFER Қой КОДА REGISTERS 


wR CLOCK 
wR DATA 
WR ENABLE 
TERMINAL 1 
ИВА SERIAL PRE-SHIFT O 
INTERFACE PRE-SHIFT 1 
TR R 
све CONTROLLE ХЭЭ 
DACK READ DATA WINDOW 
INT Vco SYNC 
RD 
WR READY 
Ao WRITE PROTECT/TWO SIDE 
INDEX 
RESET FAULT/TRACK 0 
cs DRIVE 
(А INTERFACE 
UNIT SELECT O 
UNIT SELECT 1 
MFM MODE 
CLK — ми 
RW/SEEK 
Усс ——É HEAD LOAD 


HEAD SELECT 


LOW CURRENT/DIRECTION 
FAULT RESET/STEP 


Operating. Тетрегаїшиге............................... -10°C to +70°C 
Storage Temperature: „ла сена o аманат оа aoa -55°C to +150°C 
All Outpüt Voltages ob dote oen U S o яшка чэн -0.5 to *7 Volts 
Bd Input-VoltquBs u. uuu уы дох ра ||| -0.5 to *7 Volts 
Supply. Valtage VGC эхэл эрдэс ЕРЕ РРР -0.5 to *7 Volts 
Power Dissipation ......................... b am e dbi Sica жасасты Ж 1 Watt 
Та = 25°С 


*COMMENT: Stress above those listed under ‘‘Absolute Maximum Ratings” may cause permanent 
damage to the device, This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 


Та = -10°C to +70°C; Vcc = *5V + 596 unless otherwise specified. 


Output Low Voltage 
Output High Voltage 2.4 
Кес 


Input Low Voltage Уп (Ф) 
(CLK + WR Clock) 


Input High Voltage Уін(Ф) 
(СІК * WR Clock) 
Vec Supply Current | кс | 


Input Load Current 
(All Input Pins) 


High Level Output ILOH 
Leakage Current 
Low Level Output НОЕ 
Leakage Current 


ILI 


Note: а) Typical values for Та + 25°C and nominal supply voltage. 


BLOCK DIAGRAM 


ABSOLUTE MAXIMUM 
RATINGS* 


DC CHARACTERISTICS 
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CAPACITANCE 


ИРО765А 


INPUT/ цагдан 
зе T== шин” шин OUTPUT 


Places F DC in idie state. Resets output 
lines to РОО to 0” (low). Does not 
effect SRT, HUT or HLT in Specify 
commend. If RDY pin is held high during 
Reset, FDC will generate interrupt 
1-25 ms later. To clear this interrupt use 
Sense Interrupt Status commend. 


к= o "= шшс = 
ЕОС to Deta Bus, when 70” (low). 
np = ре COT ын 
vis Deta Bus, when “0” (low). 
Chip Select when “0” (low), allowing RD 
ks to be enabled. 
Deta/Status Reg Select Processor Selects Deta Reg (Ag=1) or Status Reg (A970) 
contents of the РОС to be sent to Deta Bus. 
ЕЛЕНЕ 080-087 Чэн Processor Bi-Directionsl 8-Bit Deta Bus. 
е) 
БАН хог Код bac симеон 
опа="1". 


ОМА cycle is active when “0” (low) and 
Controller is performing DMA transfer. 
Indicates the termination of a DMA trans- 
fer when ''1'' (high). It terminates data 
Крон шэн е соттапа 


Single Phase 8 MHz Squarewave Clock. 


[Grund — [ T oc Power etur. 
WCK Write data rate to FDD. FM = 500 kHz, 
MFM = 1 MHz, with a puise width of 
250 ns for both FM and MFM. 
Read Data Window Phase Lock Loop | Generated Бу PLL, and used to sample 
date from FDD. 


Reed data from ЕОО, containing clock 
and deta bits. 

мсо УСО Sync Phase Lock Loop | Inhibits VCO in PLL when “0” (low), 
enables VCO when “1.” 


[as [we [weenie Помен | ње NENNT ІІІ ТІЛІ. 


27 Heed 1 selected when “1” (high), 
Heed 0 selected when “0” (low). 

он Јона | Ove | Foo — | ғор Unk зөөнө 
[зо ЕСЕН ЕСІ: _____ Е-Е | FOO | Seri clock and date bin to FOD. 


Precompensation Write precompensation status during МЕМ 
(pre-shift) mode. Determines early, late, end normal times. 
FLT/TRo | Feult/Track 0 Senses РОО fault condition, in Reed/ 
Write mode; end Treck 0 condition іп Seek mode. 
WP/TS Write Protect/ Senses Write Protect status in Reed/Write 
Two-Side mode; and Two Side Medis in Seek mode. 
[3s | mov Rev [тиши | Foo | тейеш РОО и reedy to send or пона ака 


HDL Commend which causes reed/write heed 
in РОО to contact diskette. 
37 FR/STP Fit Reset/Step Resets fəult F.F. in РОО in Reed/Write 
mode, contains step pulses to move head 
to enother cylinder іп Ssek mode. 


LCT/OIR Low Current/ Lowers Write current on inner trecks in 
Direction Reed/Write mode, determines direction 
heed will step in Заек mods. A fault reset 
pulse is issued at the beginning of eech 
Reed or Write commend prior to the 
occurrence of те Heed Loed signal. 


TWSEEK| Reed Write/SEEK When 1” (high) Seek mode selected end 
when 70” (low) Reed/Write mode selected. 
е [ve [= C | [үс 


Note: (1) Disabled when СВ = 1. 


Ta = 25°C; fc = 1 MHz; Vcc = ОМ 


mars 
PARAMETER SYMBOL ВЕСТА UNIT 
[Clock Input Capacitance Сме | | |20 | PF | 
ТІСТІ [cin | | Ги. 


ол | |» [or 


TEST 
CONDITIONS 


All Pins Except 
Pin Under Test 
Tied to AC 

Ground 
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Та = -10°C to +70°C; Vcc = *5V + 5% unless otherwise specified. 


PARAMETER SYMBO мїм | TYP) [МАХ] на CONDITIONS 
ШЕСІ! eo [ue [2 реј 
cock Active High tow КТИ Е | | f=] 


Ea 
2 


4 
D 
D 

N 

тл 


ЕСЕ БЕНЕН 
КЫГЫ 
[w [ср =тобо | 


N 
o 


Two 


ова Delay Time from DACK | 
TC Width TTC 


WCK Cycle Time Tcv 


: МЕМ = 0 
Window Cycle Time TWCY us МЕМ = 1 
T 
Window Hold Time to/from RDO ROW 
TWRD 
| Tus | 12 | | | 


E lanes loc RA ШИШ ЖЕ ЫЛ 

DIRECTION t 
LOW CURRENT/DIRECTION Hold Time to GEN 
FAULT RESET/STEP 1 

BN ik 
RESET/STEP 1 

[ster aeie тав tian) | војло | СС 

[беоне 7 (лс (8 {| Өв! 
FAULT RESET Active Time (High) | TER | 801 | 

[ дол Hold Time Aer SEEK [Ту | 15 

[Seek Нов Time вот — — — | Tos | 30 | 


E 
тенден 
usss 
Го нота АЛ | БЕНЕН 
[mene was — төс ЕГІН | — 

Шина! 

[s 


2 
3 
(9) 
e 
° 
< 
d 
3 
E 
б 
3 
5 
D 
4 
= 


N 
N 
o 


N 
o 


8 MHz Clock 


8 MHz Clock 
Period 


Аб; Delay from ОНО 


WR 1 Delay from DRQ Тмуу 


WE ог RD Response Time from ОВО t TMRW МЕ 


Notes: ©, Typical values for Та = 25” C and nominal supply voltage. 


(2) The former value of 2 and 1 are applied to Standard Floppy, and the latter value of 4 and 2 are 
applied to Mini-floppy. 


(3) Under Software Control. The range is from 1 ms to 16 ms at 8 MHz Clock Period, and 2 to 32 ms 
at 4 MHz Clock Period. 


@ For mini-floppy applications, P Cy must Бе 4 mHz. 


8 MHz Clock 
Period 


AC CHARACTERISTICS 
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AC TEST CONDITION 


| TPUT 
NPUT/OUTPU CLOCK 


3.0V 


2.4V 
2.4V 


2.0V 


TEST POINT TEST POINT 


0.8V 


0.45V 0.3V 


AC TESTING 


Inputs are driven at 2.4V for a logic 71” and 0.45V for a logic “0.” Timing measure- 
ments are made at 2.0V for a logic 71” and 0.8М for а logic 70.” 


Clocks are driven at 3.0V for a logic “1” and 0.3V for a logic “0.” Timing measure- 
ments are made at 2.4V for a logic 1” and 0.65V for a logic 70.” 


TIMING WAVEFORMS 


PROCESSOR READ OPERATION PROCESSOR WRITE OPERATION 
| 
ТАЯ «+ Tu | Ra ТАМ = Lai На ТМА 
s =. EE — НИ 
| 
| | 
аке ior WEE CON E ur Мо. 
X = = Ж 
Ка Т 8 — = 
INT ќа | þe— twi —ве) 
\ INT N 
CLOCK | 
"T | | DMA OPERATION 
| го | | 
ка es осу ово | 
OR — Ка-- | <= | | 
| — þef ТАМ--е-ј F—— | 


TMCY 


FDD WRITE OPERATION | 


: TMRW >| 
| : WR OR RD | 
Ғ“- Тмуу mma | 


WRITECLOCK | 
| | | < TMR (Аб) —9- 


| 
ој |< ТЕ — Toy —— | | 


PRESHIFTOOR 1 


WRITE DATA 


PRESHIFTO PRESHIFT 1 
ле ep 
ІЛЕ шалан шилжин 
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SEEK OPERATION TIMING WAVEFORMS 
(CONT.) 
сифон — 80 Эн 
RW/SEEK | | | | | 
— so aiden | 
DIRECTION | 


tDST — pe ecc ben 


SPESE | |'sTD 
% | 


(шүргэн, que 
| es) EEEE 


FLT шені | INDEX 
| 
FAULT RESET + _ N | | 
FILE UNSAFE RESET | | | | | 
—= Тұң a | Tiox Тїрх 


FDD READ OPERATION 


I 


READ DATA | 
| 
— TROD I Twro = Row] 
| 
| ! | | 
| | | | 
Note: E ther polarity data window is valid. Leg ЛОН = 
TERMINAL COUNT RESET 
Ш 
| 
— | Trc — |-- Трст 


The иРО765 contains two registers which may be accessed by the main system proces- INTERNAL REGISTERS 
sor; a Status Register and a Data Register. The 8-bit Main Status Register contains the 

status information of the FDC, and may be accessed at any time. The 8-bit Data 

Register (actually consists of several registers in a stack with only one register pre- 

sented to the data bus at a time), which stores data, commands, parameters, and FDD 

status information. Data bytes are read out of, or written into, the Data Register in 

order to program or obtain the results after a particular command. The Status 

Register may only be read and is used to facilitate the transfer of data between the 

processor and uPD765. 


The relationship between the Status/Data registers and the signals RD, WR, and Ад 


is shown below. 
FUNCTION 
Read Main Status Register 
Illegal 


Read from Data Register 
Write into Data Register 
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(CONT.) 


COMMAND SEQUENCE 


uPD765A 


The bits in the Main Status Register are defined as follows: 
BITNUMBER| NAME | SYMBOL DESCRIPTION 


080 РОО 0 Busy 008 FDO number 0 is in the Seek mode. If any of the bits is set РОС will not accept 
read or write command. 

Na AE LESEN ЭН FDD number 1 is in the Seek mode. If any of the bits is set FDC will not accept 
read or write command. 


FDD 2 Busy 028 РОО number 2 is in the Seek mode. 14 any of the bits is set FDC will not accept 
read or write command. 

FDD 3 Busy 038 ЕОО number 3 is in the Seek mode. If any of the bits is set РОС will not accept 
read or write command. 


08, 
083 
РОС Busy A read or write command is in process. FOC will not accept any other command. 


DBs Execution Mode This bit is set only during execution phase in non-DMA mode. When DBs goes 


low, execution phase has ended, and result phase was started. It operates only 
Data Input/Output Б 


during NON-DMA mode of operation. 
Indicates direction of data transfer between F DC and Data Register. If DIO = "1" 
then transfer 15 from Data Register to the Processor. If DIO = 0”, then transfer 
is from the Processor to Data Register 

The DIO and ROM bits in the Status Register indicate when Data is ready and in which direction data will be transferred on the Data 
Bus. The max time between the last RD or WR during command or result phase and DIO and ROM getting set or reset is 12 us. For 

this reason every time Main Status Register is read the CPU should wait 12 us. The max time from the trailing edge of the last RD in 
the result phase to when ОВ4 (FDC Busy) goes low 15 12 us. 


Request for Master Indicates Data Register is ready to send or receive data to or from the Processor. 
Both bits DIO and ROM should be used to perform the hand-shaking functions of 


“ready” and “direction” to the processor. 


Out FDC and Into Processor 


Data іп Ом! 
(DIO) Out Processor and Into госј | 
I I 
Ready 11 
Request for Master | Ї I 
Not 1 
(ROM) 1 ! 
I Ready | а 1 | I ! 1 
! | 


—— FO O j— паста (У ae oa 


! ! ot ' 1 1 (2471 
[в] А | 8|ГА| сјој сов А 


LI 

! 

! 

Е У ! 
WR. —— Ss y—r— лэ өн кН! 
RD : 


Notes (A) Data register ready то бе written into by processor 
(в) Data register пот ready то be written into by processor 
[C] Data reqister ready for next data byte to be read by the processor 
(О) Data register not resdy for next data byte то be read by processor 


The иРО 765 is capable of performing 15 different commands. Each command is initiated by a 
multi-byte transfer from the processor, and the result after execution of the command may also 
be a multi-byte transfer back to the processor. Because of this multi-byte interchange of informa- 
tion between the uPD765 and the processor, it is convenient to consider each command as 
consisting of three phases: 


Command Phase: The FDC receives all information required to perform a particular 


operation from the processor. 


Execution Phase: Тһе FDC performs the operation it was instructed to do. 


Result Phase: After completion of the operation, status and other housekeeping 


information are made available to the processor. 
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иРО765А INSTRUCTION SET @ @ 


DATA BUS DATA BUS 
D7 Ов 05 04 Оз 02 01 00 ам | D; 06 Ds 04 03 D D Dg 


READ DATA READ A TRACK | 


Command w MT MF SK 0 0 1 1 0 Command Codes Command w 0 MF SK 0 0 0 1 0 Command Codes | 
| 
уу x x x x X HD US! USO w x x x x X HD US! USO | 
w Sector ID information prior w с Sector ID information prior | 
w to Command execution. The w H to Command execution | 
w 4 bytes are commanded against w R | 
w header on Floppy Disk. w N | 
w w EOT | 
w w GPL 
уу уу DTL 


Execution 


Data-transfer between the Execution 


РОО and main-system 


Data-transfer between t ће 
FDO and main-system. F DC 
reads all data fields 


Result R Status information after from index hole to EOT. 
R Command execution 
R Result R ST Q= Status information after 
R Sector ID information after R торе  — Command execution 
R Command execution R ST 2 
R R С —— DO Sector ID information after 
R R H Command execution 

à д 


Command w MT MF SK 0 1 0 0 Command Codes READ 
EAD ID 
уу X x x x X HD US! USO 
w 1 0 Commands 
w Sector ID information prior 
w to Command execution. The w US! USO 
4 byt 
W Tura commanded against Execution The first correct ID information 
w header on Floppy Disk 
on the Cylinder ts stored in 
W Data Register 
“ 9 
w R Status information after 
R and execution 
Execution Data-transfer between the R ы 
F DO апа main-system 
yd R Sector ID information read 
Result R Status information after n during Execution Phase from 
R Command execution R Floppy Disk 
R R 
R Sector ID information after FORMAT A TRACK 
À Command exeéutión Command w 0 MF O 0 1 1 0 1 Command Codes 
| R w x x x x X HD US! USO 
WRITE DATA w м — Y Bytes/Sector 
w SG Sectors/Track 
Command w MT MF O 0 0 1 0 1 Command Codes и GPL сее Сар 3 
Үү X X х x X HD US! USO w SS Filler Byte 
w C f 
уу H Sector ID information prior Execution FDC formats an entire track 
“ R to Command execution. The 
» Ñ 4 bytes are commanded against Result R 510-----------5 Status information after 
header on Floppy Disk R ОЛ ЇЕ гт аг Command execution 
w ЕОТ R 672 
w GPL R G In this case, the ID information 
w DTL R H has no meaning 
R R 
Execution Data-transfer between the R N 
main-system and FDO 
SCAN EQUAL 
—— f 
Result R STO Status information after үү MT MF SK | 0 0 0 1 Command Coder 
R 511---------- Command execution 
R ST 2 w x x x x X HD US! USO 
R Є Sector ID information after w C Sector ID information prior 
R ——- Command execution w H to Command execution 
R R w R 
R N w N 
WRITE DELETED DATA W FOT 
w GPL 
w MT MF O 0 1 0 0 1 Command Codes w STP 
w X но US! USO 
“ Execution Data-compared between the 
Sector ID information prior F OD and main-system 
w to Command execution The 
w 4 bytes are commanded against Result R STO Status information after 
w header on Floppy Disk R 56711-------- Command execution 
w R ST 2 
w R C — — Sector ID information after 
w R H Command execution 
R R 
Execution Data-transfer between the R N 
РОО and main system 
Result Status information after 
Command execution 


Sector ID information after 
Command execution 


22022222 


Note: © Symbols used in this table are described at the end of this section. 


(2 AQ should equal binary 1 for all operations. 
(3) X = Don't care, usually made to equal binary 0. 
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INSTRUCTION SET 
(CONT.) иРО765А 


Рен б DATA BUS DATA BUS 
R/W | D Dg Од 04 Оз D D Do 07 06 Ds 04 Оз 02 01 Do 


SCAN LOW OR EQUAL RECALIBRATE 


MT MF SK 1 1 0 0 1 Command Codes 1 1 Command Codes 
х X. 3€ X х но 051 USO x 051 USO 


Command 


Sector ID information prior 
Command execution 


Execution Head retracted to Track O 


Command Command Codes 
Result —W —Y  —əƏƏ.[n- Status information at the end 
—W of seek-operation about the F DC 


Execution Data-compared between the SPECIFY 


FDD and main-system Command w 0 0 0 0 0 1 Command Codes 
Status information after w ——SRT — a —— HUT — 

i —— t ee 
Command execution w HLT ND 


SENSE DRIVE STATUS 


Sector ID information after | command 0 о 1 0 0 Command Codes 
Command execution 
X HD 951 USO 
Result --------- Status information about FDD 
SCAN HIGH OR EQUAL 


MT MF SK 1 1 1 0 1 Command Codes 
х x x x X HD US1 USO 


===> 2:2 


R 
R 
R 
R 
R 
R 
R 


1 1 1 1 Command Codes 
X HD 951 USO 


NCN 


Sector ID information prior 


Command execution 


Execution Ма 
Head is positioned over 


proper Cylinder on 
Diskette 


2222222232 


INVALID 


Executi ' я 
шин у tea between the Command w — Invalid Codes — ——————— Invalid Command Codes 
хал аллаа (NoOp — FDC goes into 
— = p. — F Status information after Standby State) 
— — Command execution Наш 5 сто = во 
элыш == = — A ES (16) 
— О ————— S. Sector ID information after 
k ass Command execution 


COMMAND SYMBOL 
DESCRIPTION 


DUVUDDVDDDD 


SYMBOL | | NAME f| DESCRIPTION 


AQ Address Line O AQ controls selection of Main Status Register (Ag = 0) or Data 
Register (Ag = 1) 
C Cylinder Number 
ОЕ 
— 


End of Track 


Head Address 


Head Load Time 
HUT 


Head Unload Time 


FM or MFM Mode 
Multi-Track 


C stands for the current/selected Cylinder (track) number O 
through 76 of the medium. 


D stands for the data pattern which is going to be written into a 
Sector. 


8-bit Data Bus, where D7 stands for a most significant bit, and 
Оо stands for a least significant bit. 


When N is defined as OO, DTL stands for the data length which 
users are going to read out or write into the Sector. 


EOT stands for the final Sector number on a Cylinder. During 
Read or Write operation FDC will stop date transfer after a sector 
& equal to EOT. 


GPL stands for the length of Gap 3. During Read/Write commands 
this value determines the number of bytes that VCOs will stay low 
after two CRC bytes. During Format command it determines the 
size of Gap 3. 


H stands for head number О ог 1, as specified in ID field. 


HD stands for a selected head number O or 1 and controls the 
polarity of pin 27. (H = HD in all command words.) 


HLT stands for the head load time in the FDD (2 to 254 ms in 
2 ms increments). 


HUT stands for the head unload time after a read or write opera- 
tion has occurred (16 to 240 ms in 16 ms increments). 


If MF is low, FM mode is selected, and if it is high, MFM mode is 
selected. 


If MT is high, a multi-track operation is to be performed. If MT - 1 
after finishing Read/Write operation on side О РОС will auto- 
matically start searching for sector 1 on side 1. 


uPD765A 
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SYMBOL | МАМЕ | DESCRIPTION 


Number N stands for the number of data bytes 
written in a Sector. 


New Cylinder Number | NCN stands for a new Cylinder number, 
which is going to be reached as a result of the 
Seek operation. Desired position of Head. 


5 - Non-DMA Mode ND stands for operation in the Non-DMA Mode. 


Present Cylinder PCN stands for the Cylinder number at the com- 
Number pletion of SENSE INTERRUPT STATUS 
Command. Position of Head at present time. 


Record R stands for the Sector number, which will 
be read or written. 
RAN ReadANrite R/W stands for either Read (R) or Write (W) 
signal. 
SC Sector SC indicates the number of Sectors per 
Cylinder. 


— ______ SK stands for Skip Deleted Data Address Mark. 


Step Rate Time SRT stands for the Stepping Rate for the FDD. 
(1 to 16 ms in 1 ms increments.) Stepping Rate 
applies to all drives, (Е = 1 ms, E = 2 ms, etc.). 


Status 0 
Status 1 
Status 2 
Status 3 


ST 0-3 stand for one of four registers which 
store the status information after a command 
has been executed. This information is 

available during the result phase after command 
execution. These registers should not be con- 
fused with the main status register (selected by 
AQ + 0). ST 0-3 may be read only after a com- 
mand has been executed and contain informatio 
relevant to that particular command. 


During a Scan operation, if STP - 1, the data in 
contiguous sectors is compared byte by byte 
with data sent from the processor (or ОМА), 
and if STP = 2, then alternate sectors are read 
and compared. 


USO, US1 US stands for a selected drive number Оог 1. 


8080 SYSTEM BUS 


AQ 
080-7 
RD 
WR 
cs 
INT 


RESET READ 
DATA 


RD DATA 
DACK uPD765 


aa FDC INPUT рани 


uP 08257 
DMA 
CONTROLLER 


DRIVE 
INTERFACE 


TC 
TERMINAL 
COUNT OUTPUT CONTROL 


COMMAND SYMBOL 
DESCRIPTION (CONT.) 


SYSTEM CONFIGURATION 
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PROCESSOR INTERFACE During Command or Result Phases the Мат Status Register (described earlier) must be 


POLLING FEATURE OF 
THE uPD765 


read by the processor before each byte of information is written into or read from the 
Data Register, After each byte of data read or written to Data Register, CPU should 
wait for 12 us before reading MSR. Bits D6 and D7 in the Main Status Register must 
be in a O and 1 state, respectively, before each byte of the command word may be 
written into the uPD765. Many of the commands require multiple bytes, and as a 
result the Main Status Register must be read prior to each byte transfer to the uPD765. 
On the other hand, during the Result Phase, D6 and D7 in the Main Status Register 
must both be 15 (Об = 1 and 07 = 1) before reading each byte from the Data Register. 
Note, this reading of the Main Status Register before each byte transfer to the uPD765 
is required in only the Command and Result Phases, and NOT during the Execution 
Phase. 


During the Execution Phase, the Main Status Register need not be read. If the uPD765 
is in the NON-DMA Mode, then the receipt of each data byte (if uPD765 is reading 
data from FDD) is indicated by an Interrupt signal on pin 18 (INT = 1), The generation 
of a Read signal (RD - 0) or Write signal (WR -0) will reset the Interrupt as well as 
output the Data onto the Data Bus. If the processor cannot handle Interrupts fast 
enough (every 13 us) for MFM and 27 ив for FM mode, then it may poll the Main 
Status Register and then bit D7 (ROM) functions just like the Interrupt signal. If a 
Write Command is in process then the WR signal performs the reset to the Interrupt 
signal. 


If the uPD765 is іп the DMA Mode, no Interrupts are generated during the Execution 
Phase. The uPD765 generates DRQ's (DMA Requests) when each byte of data is avail- 
able, The ОМА Controller responds to this request with both a DACK = 0 (ОМА 
Acknowledge) and a RD = 0 (Read signal). When the DMA Acknowledge signal goes 
low (DACK = 0) then the ОМА Request is reset (ОКО = 0). If a Write Command has 
been programmed then a WR signal will appear instead of RD. After the Execution 
Phase has been completed (Terminal Count has occurred) or EOT sector was read/ 
written, then an Interrupt will occur (INT = 1). This signifies the beginning of the 
Result Phase. When the first byte of data is read during the Result Phase, the Interrupt 
is automatically reset (INT = 0). 


It is important to note that during the Result Phase all bytes shown іп the Command 
Table must be read. The Read Data Command, for example has seven bytes of data in 
the Result Phase, All seven bytes must be read in order to successfully complete the 
Read Data Command. The uPD765 will not accept a new command until all seven 
bytes have been read, Other commands may require fewer bytes to be read during the 
Result Phase. 


The uPD765 contains five Status Registers, The Main Status Register mentioned above 
may be read by the processor at any time. The other four Status Registers (STO, ST 1, 
ST2, and ST3) are only available during the Result Phase, and may be read only after 
completing a command, The particular command which has been executed determines 
how many of the Status Registers will be read. 


The bytes of data which are sent to the uPD765 to form the Command Phase, and are 
read out of the uPD765 in the Result Phase, must occur in the order shown in the 
Command Table, That is, the Command Code must be sent first and the other bytes 
sent in the prescribed sequence, No foreshortening of the Command or Result Phases 
are allowed, After the last byte of data in the Command Phase is sent to the uPD765, 
the Execution Phase automatically starts. In a similar fashion, when the last byte of 
data is read out in the Result Phase, the command is automatically ended and the 
1РО765 is ready for a new command. 


After the Specify command has been sent to the uPD765, the Unit Select line USO апа 
US1 will automatically go into а polling mode. In between commands (and between 
step pulses in the SEEK command) the uPD765 polls all four FDD's looking for a 
change in the Ready line from any of the drives. If the Ready line changes state (usually 
due to a door opening or closing) then the uPD765 will generate an interrupt. When 
Status Register O (STO) is read (after Sense Interrupt Status is issued), Not Ready (NR) 
will be indicated, The polling of the Ready line by the uPD765 occurs continuously 
between commands, thus notifying the processor which drives are on or off line. Each 
drive is polled every 1.024 ms except during the Read/Write commands. 
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READ DATA FUNCTIONAL 
A set of nine (9) byte words are required to place the FDC into the Read Data Mode. After the Read Data DESCRIPTION OF 
command has been issued the FDC loads the head (if it is in the unloaded state), waits the specified head COMMANDS 


settling time (defined in the Specify Command), and begins reading ID Address Marks and ID fields. When 
the current sector number (“R”) stored in the ID Register (IDR) compares with the sector number read off 
the diskette, then the FDC outputs data (from the data field) byte-to-byte to the main system via the data 
bus. 


After completion of the read operation from the current sector, the Sector Number is incremented by one, 
and the data from the next sector is read and output on the data bus. This continuous read function is called 
a “Миіті-бестог Read Operation." The Read Data Command may be terminated by the receipt of a Terminal 
Count signal. TC should be issued at the same time that the DACK for the last byte of data is sent. Upon 
receipt of this signal, the FDC stops outputting data to the processor, but will continue to read data from the 
current sector, check CRC (Cyclic Redundancy Count) bytes, and then at the end of the sector terminate 

the Read Data Command. 

The amount of data which can be handled with a single command to the FDC depends upon MT (multi- 
track), MF (MFM/FM), and N (Number of Bytes/Sector). Table 1 below shows the Transfer Capacity. 


Multi- Track MFM/FM Bytes/Sector Maximum Transfer Capacity Final Sector Read 
MT MF N (Bytes/Sector) (Number of Sectors) from Diskette 
i (128) (26) - 3,328 26 at Side 0 
(256) (26) - 6,656 ог 26 at Side 1 
(128) (52) - 6,656 . 
(256) (15) - 3,840 15 at Side O 
г (512) (15) - 7,680 or 15 at Side 1 
01 (256) (30) = 7,680 


02 (512) (8) = 4,096 8 at Side 0 
03 (1024) (8) = 8192 or 8 at Side 1 
02 (512) (16) = 8,192 | 


Table 1. Transfer Capacity 


The “multi-track” function (MT) allows the РОС to read data from both sides of the diskette. For a 
particular cylinder, дата will be transferred starting at Sector 1, Side O and completing at Sector |, Side 1 
(Sector L = last sector on the side). Note, this function pertains to only one cylinder (the same track) on 
each side of the diskette. 


When N = 0, then DTL defines the data length which the FDC must treat as a sector. If DTL is smaller than 
the actual data length in a Sector, the data beyond DTL in the Sector, is not sent to the Data Bus. The FDC 
reads (internally) the complete Sector performing the CRC check, and depending upon the manner of com- 
mand termination, may perform a Multi-Sector Read Operation. When М is non-zero, then DTL has по 
meaning and should be set to FF Hexidecimal. 


At the completion of the Read Data Command, the head is not unloaded until after Head Unload Time 
Interval (specified in the Specify Command) has elapsed. If the processor issues another command before 
the head unloads then the head settling time may be saved between subsequent reads. This time out is 
particularly valuable when a diskette is copied from one drive to another. 


If the FDC detects the Index Hole twice without finding the right sector, (indicated in “R”), then the FDC 
sets the ND (No Data) flag in Status Register 1 to a 1 (high), and terminates the Read Data Command. 
(Status Register O also has bits 7 and 6 set to O and 1 respectively.) 


After reading the ID and Data Fields in each sector, the FDC checks the CRC bytes. If a read error is 
detected (incorrect CRC in ID field), the FDC sets the DE (Data Error) flag in Status Register 1 to a 1 (high), 
and if a CRC error occurs in the Data Field the FDC also sets the DD (Data Error in Data Field) flag in 
Status Register 2 to a 1 (high), and terminates the Read Data Command. (Status Register O also has bits 7 
and 6 set to O and 1 respectively.) 


If the FDC reads a Deleted Data Address Mark off the diskette, and the SK bit (bit D5 in the first Command 
Word) is not set (SK = О), then the FDC sets the CM (Control Mark) flag in Status Register 2 to a 1 (high), 
and terminates the Read Data Command, after reading all the data in the Sector. If SK = 1, the FDC skips 
the sector with the Deleted Data Address Mark and reads the next sector. The CRC bits in the deleted data 
field are not checked when SK - 1. 


During disk data transfers between the FDC and the processor, via the data bus, the FDC must be serviced 
by the processor every 27 us in the FM Mode, and every 13 us in the MFM Mode, or the FDC sets the OR 
(Over Run) flag in Status Register 1 to a 1 (high), and terminates the Read Data Command. 


If the processor terminates a read (or write) operation in the FDC, then the ID Information in the Result 
Phase is dependent upon the state of the MT bit and EOT byte. Table 2 shows the values for C, H, R, and 
N, when the processor terminates the Command. 
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FUNCTIONAL | 
DESCRIPTION OF ID Information at Result Phase 
COMMANDS (CONT.) 


Notes: 1 NC (No Change): The same value as the one at the beginning of command execution. 


2 LSB (Least Significant Bit): The least significant bit of H is complemented. 


WRITE DATA 


A set of nine (9) bytes are required to set the FDC into the Write Data mode. After the Write Data command 
has been issued the FDC loads the head (if it is in the unloaded state), waits the specified Head Settling Time 
(defined in the Specify Command), and begins reading ID Fields. When all four bytes loaded during the com- 
mand (C, H, R, N) match the four bytes of the ID field from the diskette, the FDC takes data from the 
processor byte-by-byte via the data bus, and outputs it to the FDD. 


After writing data into the current sector, the Sector Number stored in “R” is incremented Бу one, and the 
next data field is written into. The РОС continues this ''Multi-Sector Write Operation” until the issuance of 
a Terminal Count signal. If a Terminal Count signal is sent to the FDC it continues writing into the current 
sector to complete the data field. If the Terminal Count signal is received while a data field is being written 
then the remainder of the data field is filled with OO (zeros). 


The F DC reads the ID field of each sector and checks the CRC bytes. If the FDC detects a read error 
(incorrect CRC) in one of the ID Fields, it sets the DE (Data Error) пад of Status Register 1 to a 1 (high), 
and terminates the Write Data Command. (Status Register O also has bits 7 and 6 set to 0 and 1 respectively.) 


The Write Command operates in much the same manner as the Read Command. The following items are the 
same, and one should refer to the Read Data Command for details: 


e Transfer Capacity e Head Unload Time Interval 
e EN (End of Cylinder) Flag e 10 Information when the processor terminates command (see Table 2) 
е ND (No Data) Flag e Definition of DTL when М = 0 and when М # 0 


In the Write Data mode, data transfers between the processor and РОС, via the Data Bus, must occur every 
27 us in the FM mode, and every 13 из in the MFM mode. If the time interval between data transfers 15 
longer than this then the F DC sets the OR (Over Run) Над in Status Register 1 to a 1 (high), and terminates 
the Write Data Command. (Status Register O also has bit 7 and 6 set to O and 1 respectively.) 


WRITE DELETED DATA 


This command is the same as the Write Data Command except a Deleted Data Address Mark is written at the 
beginning of the Data Field instead of the normal Data Address Mark. 


READ DELETED DATA 


This command is the same as the Read Data Command except that when the F DC detects a Data Address 
Mark at the beginning of a Data Field (and SK = 0 (low), it will read all the data in the sector and зет tne 
CM flag in Status Register 2 to а 1 (high), and then terminate the command. If SK = 1, then the F DC skips 
the sector with the Data Address Mark and reads the next sector. 


READ A TRACK 


This command is similar to READ DATA Command except that this is a continuous READ operation 
where the entire data field from each of the sectors are read. Immediately after encountering the 

INDEX HOLE, the F DC starts reading all data fields on the track, as continuous blocks of data. If the 
FDC finds an error in the ID or DATA CRC check bytes, it continues to read data from the track. The 
FOC compares the ID information read from each sector with the value stored in the IDR, and sets the 
ND flag of Status Register 1 to a 1 (high) if there is no comparison. Multi-track or skip operations аге not 
allowed with this command 


This command terminates when number of sectors read is equal to EOT. If the FDC does not find 
an ID Address Mark on the diskette after it encounters the INDEX HOLE for the second time, 
then it sets the MA (missing address mark) flag in Status Register 1 to a 1 (high), and terminates 
the command. (Status Register O has bits 7 and 6 set to О and 1 respectively.) 
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DESCRIPTION OF 
READ ID COMMANDS (CONT.) 


The READ ID Command is used to give the present position of the recording head. The FDC stores the 
values from the first ID Field it is able to read. ІҒпо proper ID Address Mark is found on the diskette, 
before the INDEX HOLE 15 encountered for the second time then the MA (Missing Address Mark) flag in 
Status Register 1 is set to а 1 (high), and if no data is found then the ND (No Data) flag is also set in Status 
Register 1 to a 1 (high). The command is then terminated with Bits 7 and 6 in Status Register O set то 0 
and 1 respectively. During this command there is no data transfer between FDC and the CPU except during 
the result phase. 


FORMAT A TRACK 


The Format Command allows an entire track to be formatted. After the INDEX HOLE is detected, Data is 
written on the Diskette; Gaps, Address Marks, ID Fields and Data F ields, all per the ІВМ System 34 (Double 
Density) or System 3740 (Single Density) Format are recorded. The particular format which will be written 
is controlled by the values programmed into N (number of bytes/sector), SC (sectors/cylinder), GPL (Gap 
Length), and D (Data Pattern) which are supplied by the processor during the Command Phase. The Data 
Field is filled with the Byte of data stored in D. The ID Field for each sector is supplied by the processor; 
that is, four data requests per sector are made by the FDC for C (Cylinder Number), H (Head Number), 

R (Sector Number) and N (Number of Bytes/Sector). This allows the diskette to be formatted with non- 
sequential sector numbers, if desired. 


The processor must send new values for C, H, В, and N to the uPD765 for each sector on the track. If FDC 
is set for DMA mode, it will issue 4 DMA requests per sector. If it is set for interrupt mode, it will issue four 
interrupts per sector and the processor must supply C, H, R and N load for each sector. The contents of 

the R register is incremented by one after each sector is formatted, thus, the R register contains a value of 
R when it is read during the Result Phase. This incrementing and formatting continues for the whole track 

until the FDC encounters the INDEX HOLE for the second time, whereupon it terminates the command. 


If a FAULT signal is received from the F DD at the end of a write operation, then the РОС sets the EC 
flag of Status Register O to a 1 (high), and terminates the command after setting bits 7 and 6 of Status 
Register O to O and 1 respectively. Also the loss of a READY signal at the beginning of a command 
execution phase causes bits 7 and 6 of Status Register O to be set to O and 1 respectively. 


Table 3 shows the relationship between N, SC, and GPL for various sector sizes 


8" STANDARD FLOPPY Ба” MINI FLOPPY 


ronwar | storose | v| s өн G| өн | secron suc | е | rc сонс 


128 bytes/Sector 07 1B 128 bytes/Sector 
256 OE 2A 128 
512 1B 3A 256 


1024 bytes/Sector 47 8A 512 
2048 C8 FF 1024 
4096 C8 2048 


OE 


MFM Mode 


Table 3 


Note: (1) Suggested values of GPL in Read ог Write Commands to avoid splice point between data field 
and ID field of contiguous sections. 


(2) Suggested values of GPL in format command. 
(3) Їл МЕМ mode РОС can not perform a read/write/format operation with 128 bytes/sector. (М = 00) 
(4) All the values are hexidecimal. 

SCAN COMMANDS 


The SCAN Commands allow data which is being read from the diskette to be compared against data which 
is being supplied from the main system. The FDC compares the data on a byte-by-byte basis, and looks for 
a sector of data which meets the conditions of DE DD = Оргосеззог, ОРОО < DProcessor. ОГ DFDD > 
Оргосеѕѕог: The hexidicemial byte of FF either from memory or from F DD can be used as a mask byte 
because it always meet the condition of the compare. Ones complement arithmetic is used for comparison 
(ЕЕ = largest number, OO = smallest number). After a whole sector of data is compared, if the conditions 
are not met, the sector number is incremental (R * STP — R), and the scan operation is continued. The scan 
operation continues until one of the following conditions occur; the conditions for scan are met (equal, 
low, or high), the last sector on the track is reached (EOT), or the terminal count signal is received. 
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FUNCTIONAL If the conditions for scan are met then the FDC sets the SH (Scan Hit) flag of Status Register 2 to a 1 
DESCRIPTION OF (high), and terminates the Scan Command. If the conditions for scan are not met between the starting 
COMMAN DS (СОМТ.) sector (as specified by R) and the last sector on the cylinder (EOT), then the F DC sets the SN (Scan Not 
Satisfied) flag of Status Register 2 to a 1 (high), and terminates the Scan Command. The receipt of a 
TERMINAL COUNT signal from the Processor or DMA Controller during the scan operation will cause the 
FDC to complete the comparison of the particular byte which is in process, and then to terminate the com- 
mand. Table 4 shows the status of bits SH and SN under various conditions of SCAN. 


STATUS REGISTER 2 
COMMAND COMMENTS 
BIT 2 = SN BIT 3 = 


Scan Equal = DProcessor 
* DProcessor 


- DProcessor 


Scan Low or Equal DProcessor 


DProcessor 


= DProcessor 


Scan High or Equal > DProcessor 


< DProcessor 


If the РОС encounters a Deleted Data Address Mark on one of the sectors (and SK = 0), then it regards the 
sector as the last sector on the cylinder, sets CM (Control Mark) flag of Status Register 2 to a 1 (high) and 
terminates the command. If SK = 1, the FDC skips the sector with the Deleted Address Mark, and reads 
the next sector. | п the second case (SK = 1), the РОС sets the CM (Control Mark) flag of Status Register 2 
to a 1 (high) in order to show that a Deleted Sector had been encountered. 


When either the STP (contiguous sectors = 01, or alternate sectors = 02 sectors are read) or the MT (Multi- 
Track) are programmed, it is necessary to remember that the last sector on the track must be read. For 
example, if STP = 02, MT = 0, the sectors are numbered sequentially 1 through 26, and we start the Scan 
Command at sector 21; the following will happen. Sectors 21, 23, and 25 will be read, then the next secto! 
(26) will be skipped and the Index Hole will be encountered before the EOT value of 26 can be read. This 
will result in an abnormal termination of the command. If the EOT had been set at 25 or the scanning 
started at sector 20, then the Scan Command would be completed in a normal manner. 


During the Scan Command data is supplied by either the processor or DMA Controller for comparison 
against the data read from the diskette. In order to avoid having the OR (Over Run) flag set in Status 
Register 1, it is necessary to have the data available in less than 27 us (FM Mode) or 13 us (MFM Mode). If 
an Overrun occurs the F DC ends the command with bits 7 and 6 of Status Register 0 set to O and 1, 
respectivel y. 


SEEK 


The read/write head within the FDD is moved from cylinder to cylinder under control of the Seek Com- 
тапа. FDC has four independent Present Cylinder Registers for each drive, They are clear only after 
Recalibrate command. The FDC compares the PCN (Present Cylinder Number) which is the current head 
position with the NCN (New Cylinder Number), and if there is a difference performs the following 
operation: 

РСМ « МСМ: Direction signal to РОО set to a 1 (high), and Step Pulses are issued, (Step In.) 

РСМ > МСМ: Direction signal to ҒОО set to a О (low), and Step Pulses are issued. (Step Out.) 


The rate at which Step Pulses are issued is controlled by SRT (Stepping Rate Time) in the SPECIF Y Com- 
mand, After each Step Pulse is issued NCN is compared against РСМ, and when NCN = РСМ, then the SE 
(Seek End) flag is set in Status Register O to a 1 (high), and the command is terminated. At this point 

FDC interrupt goes high. Bits DBg-DB3 in Main Status Register are set during seek operation and 
are cleared by Sense Interrupt Status command. 


During the Command Phase of the Seek operation the FDC is in the FDC BUSY state, but during the 
Execution Phase it is in the NON BUSY state. While the FDC is in the NON BUSY state, another Seek 
Command may be issued, and in this manner parallel seek operations may be done on up to 4 Drives at 
once, No other command could be issued for as long as FDC is in process of sending Step Pulses to any 
drive. 


If an FDD is in a NOT READY state at the beginning of the command execution phase or during the seek 
operation, then the NR (NOT READY) flag is set in Status Register Ото a 1 (high), and the command is 
terminated after bits 7 and 6 of Status Register О are set to О and 1 respectively. 


If the time to write 3 bytes of seek command exceeds 150 us, the timing between first two Step Pulses 
may be shorter than set in the Specify command by as much as 1 ms. 
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RECALIBRATE 


The function of this command is to retract the read/write head within the FDD to the Track O position. 
The FDC clears the contents of the PCN counter, and checks the status of the Track 0 signal from the 
ЕОО. As long as the Track 0 signal is low, the Direction signal remains 0 (low) and Step Pulses are issued. 
When the Track O signal goes high, the SE (SEEK END) flag in Status Register O is set to a 1 (high) and the 
command is terminated. If the Track 0 signal is still low after 77 Step Pulse have been issued, the FDC sets 
the SE (SEEK END) and EC (EQUIPMENT CHECK) flags of Status Register O to both 1s (highs), and 
terminates the command after bits 7 and 6 of Status Register O is set to O and 1 respectively. 


The ability to do overlap RECALIBRATE Commands to multiple FDDs and the loss of the READY signal, 
as described in the SEEK Command, also applies to the RECALIBRATE Command. 


SENSE INTERRUPT STATUS 
An Interrupt signal is generated by the FDC for one of the following reasons: 


1. Upon entering the Result Phase of: 

a. Read Data Command 

b. Read a Track Command 

c. Read ID Command 

d. Read Deleted Data Command 
2. Ready Line of FDD changes state 
3. End of Seek or Recalibrate Command 
4. During Execution Phase in the NON-DMA Mode 


Write Data Command 

Format a Cylinder Command 
Write Deleted Data Command 
Scan Commands 


тесто 


Interrupts caused by reasons 1 апа 4 above occur during normal command operations and are easily dis- 
cernible by the processor. During an execution phase in NON-DMA Mode, DB5 in Main Status Register 
is high. Upon entering Result Phase this bit gets clear. Reason 1 and 4 does not require Sense Interrupt 
Status command. The interrupt is cleared by reading/writing data to FDC. Interrupts caused by reasons 
2 and 3 above may be uniquely identified with the aid of the Sense Interrupt Status Command. This 
command when issued resets the interrupt signal and via bits 5, 6, and 7 of Status Register O identifies 
the cause of the interrupt. 


SEEK END INTERRUPT CODE — 
BIT 5 BIT 6 BIT 7 
ЕГЕ Gd 4 Ready Line changed state, either polarity 
|a p вој ae Normal Termination of Seek or Recalibrate Command 


Abnormal Termination of Seek or Recalibrate Command 


Table 5 
Neither the Seek or Recalibrate Command have a Result Phase. Therefore, it is mandatory to use the Sense 
Interrupt Status Command after these commands to effectively terminate them and to provide verification of 
where the head is positioned (PCN). 


Issuing Sense Interrupt Status Command without interrupt pending is treated as an invalid command. 
SPECIFY 


The Specify Command sets the initial values for each of the three internal timers. The HUT (Head Unload Time) 
defines the time from the end of the Execution Phase of one of the Read/Write Commands to the head unload 
state. This timer is programmable from 16 to 240 ms in increments of 16 ms (01 = 16 ms, 02 = 32 ms .... OF = 
240 ms). The SRT (Step Rate Time) defines the time interval between adjacent step pulses. This timer is pro- 
grammable from 1 to 16 ms in increments of 1 ms (Е = 1 ms, Е = 2 ms, О = 3 ms, etc.). The HLT (Head Load 
Time) defines the time between when the Head Load signal goes high and when the Read/Write operation starts. 
This timer is programmable from 2 to 254 ms in increments of 2 ms (01 = 2 ms, 02 = 4 т, 03 = 6 тѕ... 7Е = 
254 ms). 


The time intervals mentioned above are a direct function of the clock (CLK on pin 19). Times indicated above 
are for an 8 MHz clock, if the clock was reduced to 4 MHz (mini-floppy application) then all time intervals are 
increased by a factor of 2. 

The choice of ОМА or NON-DMA operation is made by the ND (МОМ-ОМА) bit. When this bit is'high (ND = 1) 
the NON-DMA mode is selected, and when МО + 0 the ОМА mode is selected. 


SENSE DRIVE STATUS 


This command may be used by the processor whenever it wishes to obtain the status of the FODs. Status 
Register 3 contains the Drive Status information stored internally in FDC registers. 


INVALID 


If an invalid command is sent to the FDC (a command not defined above), then the FDC will terminate the com- 
mand after bits 7 and 6 of Status Register O are set to 1 and O respectively. No interrupt is generated by the 

LA PD765 during this condition. Ви 6 and bit 7 (DIO and RQM) in the Main Status Register are both high (717) 
indicating to the processor that the uPD765 is in the Result Phase and the contents of Status Register 0 (STO) 
must be read. When the processor reads Status Register O it will find a BO hex indicating an invalid command 
was received. 

A Sense interrupt Status Command must be sent after a Seek or Recalibrate Interrupt, otherwise the F DC will 
consider the next command to be an Invalid Command. 

In some applications the user may wish to use this command as a No-Op command, to place the FDC та 
standby or no operation state. 


FUNCTIONAL 
DESCRIPTION OF 
COMMANDS (СОМТ.) 
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DESCRIPTION 
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шША ЭЭ STATUS REGISTERO р эн REGISTER 0 
Еј“ јание 
this flag is set to 1 (high). 
If a fault Signal is received from the FDD, or if 
the Track 0 Signal fails to occur after 77 Step 
Pulses (Hecalibrate Command) then this flag is 
set. 
D4 Not Ready When the FDD is in the not-ready state and a 
ЕС If a read ог write command is issued to Side 1 of 
a single sided drive, then this flag is set. 
Address at Interrupt. 
| От [Unit Select1] US! | These flags are used to indicate a Drive Unit. 
| Do [Unit Select Of uso  |Number at Interrupt. 
STATUS REGISTER 1 
[| Netus. This bitis always О (low). | 
Банн When the F DC detects a CRC error in either the 
ID field or the data field, this flag is set. 
RE If the FDC is not serviced by the main-systems 
during data transfers, within a certain time 
interval, this flag is set. 
| — | — Nor used. This bit always 0009) 
D2 No Data During execution of READ DATA, WRITE 
DELETED DATA or SCAN Command, if the 
Register, this flag is set. 
During executing the READ ID Command, if 
the F DC cannot read the ID field without an 
error, then this flag is set. 
During the execution of the READ A Cylinder 
Command, if the starting sector cannot be 


D7 = 0and D6 = 0 
Загийн Normal Termination of Command, (NT). Com- 

mand was completed and properly executed. 
D7 = 0 and Об = 1 
Abnormal Termination of Command, (AT). 
Execution of Command was started, but was not 
successfully completed. 
07 = 1 апа Об = 0 
Invalid Command issue, (IC). Command which 
was issued was never started. 
07 = 1 апа Об = 1 
Abnormal Termination because during command 
execution the ready signal from FDD changed 
state. 
read or write command is issued, this flag is set. 

D7  |Endof When the FDC tries to access a Sector beyond 

нэ 

FDC cannot find the Sector specified in the IDR 
found, then this flag is set. 
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ДЫ DESCRIPTION 
wo Name | зумвос 


STATUS REGISTER 1 (CONT.) 


D1 Not NW During execution of WRITE DATA, WRITE 
Writable 
A 


DELETED DATA or Format A Cylinder Com- 
mand, if the FDC detects a write protect signal 
Missing M 
Address 


from the FDD, then this flag is set. 
If the FDC cannot detect the ID Address Mark 
after encountering the index hole twice, then 
this flag is set. 
If the FDC cannot detect the Data Address Mark 
or Deleted Data Address Mark, this flag is set. 

Also at the same time, the MD (Missing Address 
Mark in Data Field) of Status Register 2 is set. 


Mark 


STATUS REGISTER 2 


Not used. This bit is always O (low). 


TE „| 


Control CM During executing the READ DATA or SCAN 
Mark Command, if the F DC encounters a Sector which 
contains a Deleted Data Address Mark, this 
flag is set. ! 
05 Data Error in DD If the FDC detects a СЕС error in the data field 
Data Field then this flag is set. 
Wrong WC This bit is related with the ND bit, and when the 


contents of C on the medium is different from 
that stored in the IDR, this flag is set. 


Cylinder 


During execution, the SCAN Command, if the 
condition of “equal” is satisfied, this flag is set. 


Scan Not 
Satisfied 


During executing the SCAN Command, if the 
FDC cannot find a Sector on the cylinder which 
meets the condition, then this flag is set. 
This bit is related with the ND bit, and when the 
content of C on the medium is different from 

that stored in the IDR and the content of C is 

FF, then this flag is set. 


Cylinder 


s 
о 


о c» 22) 
О 2 I 


When data is read from the medium, if the FDC 
cannot find a Data Address Mark or Deleted 
Data Address Mark, then this flag is set. 


STATUS REGISTER 3 


Missing 
Address Mark 


N од 


in Data Field 


This bit is used to indicate the status of the Unit 
Select O signal to the FDD. 


Fault signal from the FDD. 
ld "ELEM This bit is used to indicate the status of the 
Protected Write Protected signal from the FDD. 
Ка MENGE This bit is used to indicate the status of the 
Ready signal from the FDD. 
шинж This bit is used to indicate the status of the 
Track O signal from the FDD. 
Two Side signal from the ЕОО. 
Select signal to the FDD. 
Unit Select 1 US 1 This bit is used to indicate the status of the Unit 
ма 
ы 950 


Unit Select 0 


STATUS REGISTER 
IDENTIFICATION (CONT.) 


Page 8.20 


Manufacturer's Data Sheets 


It is suggested that you utilize the following applications notes: 


(D #8 — for an example of an actual interface, as well as a "'theoretical'' data 
separator. 


(2) #10 — for a well documented example of a working phase lock loop. 


PACKAGE OUTLINE 
uPD765AD 


0-10° 


Ceramic 


ITEM MILLIMETERS INCHES 


[в | т62мах | 0906MAX | 
| р | 05:01 0.02 : 0.004 

б 
[ 1 | замах | 914MAX _ | 
| 


059 ТУР 


PACKAGE OUTLINE 
uPD765AC 


Plastic 


MILLIMETERS INCHES 


А | эм МАХ | 208МАХ | 
в | те [99 
Го | 05:01 | оо9:008 | 
[ure a 
Г | мм | оом | 
с [| зимн | оюмм | 
Го | ама | 03:9 MAX | 
K UT s [ою — 
L [| sz — se — — 


+ 0.1 + 0.004 
0.25 000 ` 
RS | 0.002 


m mim 


о 


4 


гэ 


uPD765A 


765ADS-REV3-1-82-CAT 
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WESTEHMN DIGITAL 


С O A Р 0 


A Е 24 9 N 


WD8250 Asynchronous Communications Element 


FEATURES 


Designed to be Easily Interfaced to Most Pop- 


ular Microprocessors (Z-80, 8080A, 6800, etc.) 
Full Double Buffering 


Independently Controlled Transmit, Receive, 
Line Status, and Data Set Interrupts 


Programmable Baud Rate Generator Allows 
Division of Any Input Clock by 1 to (2'* - 1) 
and Generates the Internal 16x Clock 


Independent Receiver Clock Input 


Fully Programmable Serial-Interface 

Characteristics 

—5., 6-, 7-, or 8-Bit Characters 

--Еуеп, Odd, ог No-Parity Bit Generation and 
Detection 

—1-, 1у2-, or 2-Stop Bit Generation 

— Baud Rate Generation (DC to 56K Baud) 


False Start Bit Detector 
Complete Status Reporting Capabilities 


THREE-STATE TTL Drive Capabilities for Bi- 
directional Data Bus and Control Bus 


Line Break Generation and Detection 


Internal Diagnostic Capabilities 

— Loopback Controls for Communications 
Link Fault Isolation 

— Break, Parity, Overrun, Framing Error 
Simulation 


SYSTEM 
PROCESSOR 


BAUDOUT 
XTAL! 
ХТА 2 

DOSTR 
DOSTR 
У55 


PIN DESIGNATION 


| SELECT АМО 
CONTROL 
LOGIC 


e Full Prioritized Interrupt System Controls 
e Single +5-Volt Power Supply 


GENERAL DESCRIPTION 


The WD8250 is a programmable Asynchronous 
Communication Element (ACE) in a 40-pin pack- 
age. The device is fabricated in N/MOS silicon 
gate technology. 


The ACE is a software-oriented device using a 
three-state 8-bit bi-directional data bus. 


The ACE is used to convert parallel data to a serial 
format on the transmit side, and convert serial 
data to parallel on the receiver side. The serial 
format, in order of transmission and reception, is 
a Start bit, followed by five to eight data bits, a 
parity bit (if programmed) and one, one and one 
half (five bit format only) or two stop bits. The 
maximum recommended data rate is 56K baud. 


Internal registers enable the user to program 
various types of interrupts, modem controls, and 
character formats. The user can read the status of 
the ACE at any time monitoring word conditions, 
interrupts and modem status. 


An additional feature of the ACE is a program- 
mable baud rate generator that is capable of 
dividing an internal XTAL or TTL signal clock by a 
division of 1 to 2'* — 1. 


The ACE is designed to work in either a polling or 
interrupt driven system, which is programmable 
by users software controlling an internal register. 


PARALLEL ! O 
INTERFACE 
DATA BUS 
BUFFER 


RECEIVER SERIAL 
SECTION DATA IN 


Ë TRANSMITTER 
SECTION 


MODEM MODEM.CONTROL 
CONTROL FUNCTIONS 

AND STATUS TO FROM MODEM 
LOGIC OR DATA SET 


ТО FROM 
PERIPHERAL 


INTERRUPT 
ENABLE AND 
CONTROL 


SYSTEM 
INTERRUPT 


WD8250 GENERAL SYSTEM CONFIGURATION 


очевам 
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PIN DEFINITIONS 


PIN 
ТЕТЕ FUNCTION 


DATA BUS 3-state input/output lines. Bi-directional com- 
munication lines between WD8250 and Data Bus. 
All assembled data TX and RX, control words, and 
status information are transferred via the DO-D7 
data bus. 


очевам 


9 RECEIVE CLK. This input is the 16X baud rate clock for the 
receiver section of the chip (may be tied to 
BAUDOUT pin 15). 

10 SERIAL INPUT Received Serial Data In from the communications 
link (Peripheral device, modem or data set). 

11 SERIAL OUTPUT Transmitted Serial Data Out to the communication 
link. The SOUT signal is set to a (logic 1) marking 
condition upon a MASTER RESET. 

12 CHIP SELECT When С50 and С51 are high, and CS2 is low, chip 

13 CHIP SELECT is selected. Selection is complete when the ad- 

14 CHIP SELECT dress strobe ADS latches the chip select signals. 

15 BAUDOUT | 
WD8250. The clock rate is equal to the oscillator 
frequency divided by the divisor loaded into the 
divisor latches. The BAUDOUT signal may be used 
to clock the receiver by tying to (pin 9 RCLK. 

16 EXTERNAL CLOCK IN These pins connect the crystal or signal clock to 

17 EXTERNAL CLOCK OUT the WD8250 baud rate divisor circuit. See Fig. 3 
and Fig. 4 for circuit connection diagrams. 

18 DATA OUT STROBE When the chip has been selected, a low DOSTR or 

19 DATA OUT STROBE high DOSTR will latch data into the selected 
WD8250 register (a CPU write). Only one of these 
lines need be used. Tie unused line to its inactive 
state. DOSTR — high or DOSTR — low. 

20 GROUND System signal ground. 

21 DATA IN STROBE When chip has been selected, a low DISTR or high 

22 DATA IN STROBE DISTR will allow a read of the selected WD8250 
register (a CPU read). Only one of these lines need 
be used. Tie unused line to its inactive state. 
DISTR — high or DISTR — low. 

23 DRIVER DISABLE Output goes low whenever data is being read from 
the WD8250. Can be used to reverse data direction 
of external transceiver. 

24 CHIP SELECT OUT Output goes high when chip is selected. No data 
transfer can be initiated until CSOUT is high. 

25 ADDRESS STROBE When low, provides latching for Register Select (АО, 


A1, A2) and Chip Select (CSO, CS1, ) 


NOTE: The rising edge (4) of the ADS signal is 
required when the Register Select (АО, A1, 
A2) and the Chip Select (CSO, CS1, CS2) 
signals are not stable for the duration of a 
read or write operation. If not required, the 
ADS input can be tied permanently low. 
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PIN 
NUMBER Г е жима FUNCTION 


REGISTER SELECT A2 
REGISTER SELECT A1 
REGISTER SELECT АО 


NO CONNECT 
INTERRUPT 


ООТРОТ 2 


REQUEST ТО SEND 


DATA TERMINAL 
READY 


OUTPUT 1 


MASTER RESET 
CLEAR TO SEND 
DATA SET READY 


RECEIVED LINE 
SIGNAL DETECT 


RING INDICATOR 


+ 5У 


CHIP SELECTION AND REGISTER ADDRESSING 


Address Strobe (ADS pin 25): When low provides 
latching for register select (AO, А1, A2) and chip 
select (CSO, CS1, CS2). 


NOTE: The rising edge (4) of the ADS input is 
required when Register Select (A0, A1, A2) 
and Chip Select (CSO, CS1, CS2) signals are 
not stable for the duration of a read or write 
operation. If ADS is not required for latching, 
this input can be tied permanently low. 


Chip Select (С50, CS1, CS2) pins 12-14: The 
definition of chip selected is CSO, CS1 both high 
and CS2 is low. Chip selection is complete when 
latched by ADS or ADS is tied low. 


Register Select (А0, А1, A2) pins 26-28: To selecta 
register for read or write operation, see Register 
Table. 


NOTE: (DLAB) Divisor Latch access bit is the MSB 
of the Line Control Register. DLAB must 
be programmed high logic 1 by the system 
software to access the Baud Rate Gen- 
erator Divisor Latches. 


These three inputs are used to select a WD8250 
internal register during a data read or write. See 
Table below. 


No Connect 


Output goes high whenever an enabled interrupt 
is pending. 

User-designated output that can be programmed 
by Bit 3 of the modem control register = 1, 
causes OUT? to go low. 


Output when low informs the modem or data set 
that the WD8250 is ready to transmit data. See 
Modem Control Register. 


Output when low informs the modem or data set 
that the WD8250 is ready to communicate. 


User designated output can be programmed by Bit 
2 of Modem Control Register - 1 causes OUT1 to 
go low. 


When high clears the registers to states as in- 
dicated in Table 1. 


Input from DCE indicating remote device is ready 
to transmit. See Modem Control Register. 


Input from DCE used to indicate the status of the 
local data set. See Modem Control Register. 


Input from DCE indicating that it is receiving a 
signal which meets its signal quality conditions. 
See Modem Control Register. 


Input, when low, indicates that a ringing signal is 
being received by the modem or data set. See 
Modem Control Register. 


4 5 Volt Supply. 


очевам 


саи аса 


Receiver Buffer (read), Transmitter 
Holding Register (write) 


Interrupt Enable 

Interrupt Identification (read only) 
Line Control 

MODEM Control 

Line Status 

MODEM Status 

None 

Divisor Latch (least significant byte) 
Divisor Latch (most significant byte) 


0 
X 
X 
X 
X 
X 
X 
1 
1 


Оо O = = Ш © ОФ 
O O = + O O — — о 
- СО = СО — О - о — 


WD8250 OPERATIONAL DESCRIPTION 
Master Reset 


A high-level input on pin 35 causes the WD8250 to 


reset to the condition listed in Table 1. 
WD8250 Accessible Registers 


The system programmer has access to any of the 
registers summarized in Table 2. For individual 
register descriptions, refer to the following pages 
under register heading. 
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INTERNAL 
DATA BUS 


(18) DATA BUS RECEIVER RECEIVER 00 
BUFFER SHIFT 
9% REGISTER REGISTER SIN 


RECEIVER 9) 
TIMING AND RCLK 
CONTROL 


LINE 
CONTROL 
REGISTER 


0Sc80M 


ом5ог 
LATCH (LS) 


—————— — Ф» BAUDOUT 


DIVISOR 
LATCH (MS) 


TRANSMITTER 
LINE STATUS TIMING AND 
REGISTER CONTROL 
TRANSMITTER TRANSMITTER] (11) 
HOLDING SHIFT SOUT 
REGISTER REGISTER 


SELECT AND 


CONTROL 
LOGIC 


MODEM (32) 


RT 
CONTROL (36) 5 
REGISTER usc m 
MODEM ane БТА 
[Ium oa ay CONTROL os 5 
| —9 a смо MODEM LOGIC xe НО 
STATUS ят 
за 
REGISTER 0466 BUR 
(31) Sas 
бот? 
T T 
MEM. INTERRUPT (30) 
NOTE REGISTER oe INTRPT 
APPLICABLE PINOUT NUMBERS ARE 
INCLUDED WITHIN PARENTHESES 
INTERRUPT 
10 REGISTER 


WD8250 BLOCK DIAGRAM 


Table 1. Reset Control of Registers and Pinout Signals 


Bit O is High and 
Bits 1-7 Are Permanently Low 
All Bits Low 


All Bits Low, 
Except Bits 5 and 6 Are High 
Bits 0-3 Low 
Bits 4-7 — Input Signal 


CSOUT 


DDIS = CSOUT.RCLK. DISTR 
DDIS (At Master Reset, the CPU 
sets RCLK and DISTR low.) 


INTRPT 
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In THREE-STATE Mode, 
Unless CSOUT . DISTR - High 
or CSOUT . DOSTR - High 


очевам 


ТНВЕЕ-5ТАТЕ 
Data (ACE to CPU) 
Data (CPU to ACE) 


07-00 Data Bus Lines 


Table 2. Summary of WD8250 Accessible Registers 


Register Address 


Receiver | Transmitter 
Buffer Holding Interrupt 

Register Register Interrupt Identifi- Line MODEM Line MODEM Divisor Divisor 
(Read (Write Enable cation Control Control Status Status Latch Latch 
Only) Only) Register Register Register Register Register Register (LS) (MS) 


Enable 


Received "о" if Data Delta 

Data Interrupt Terminal Clear to Bit 8 
Available | Pending Ready Send 
Interrupt (DTR) (DCTS) 


uM 


Е 
нэ 


(ЕВВЕ!) 


Enable 
Trans- 
mitter 
Holding 
Register 
Empty 
Interrupt 
(ETBEI) 


Enable 


Delta 
Data Set 
Ready 
(DDSR) 


Overrun 
Error 
(OR) 


Request 
to Send 
(RTS) 


Interrupt 


Receiver Interrupt Number Trailing 

Line of Stop Edge Ring 

Status Bits Indicator 
Interrupt (STB) (TERI) 


Е 


(ELSI) 
Enable Delta 
MODEM Framing Receive 
Data Bit3 | Data Bit 3 Status Error Line Signal Bit 3 
Interrupt (FE) Detect 
(EDSSI) (DSLSD) 


Break 
Interrupt 
(BI) 


Clear to 
Send 
(Ста) 


ни "nu 

ЕЕ aH š u 
Parity 

На DU ЕЕ 


ЕЈ (| 


Bit 13 


“|е 


Тгапв- 
mitter 
Holding 
Register 
Empty 
(THRE) 


Trans- 
mitter 


Ring 


Shift | 
Register | !ndicator 
Етрїу (RI) 


(TSRE) 


Divisor Received 
Latch Line 
7 Data Bit7 | Data Bit 7 Access Signal Bit 7 Bit 15 
Bit Detect 
(DLAB) (RLSD) 


"Ви 0 is the least significant bit. It is the first bit serially transmitted or received. 
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Line Control Register 


Bits 0 and 1: These two bits specify the number of 
bits in each transmitted or received serial character. 
The encoding of bits О and 1 is as follows: 


| Bit | Bito | Word Length 


Bit 2: This bit specifies the number of stop bits in 
each transmitted or received serial character. If bit 
2 is a logic O, 1 Stop bit is generated or checked in 
the transmit or receive data, respectively. If bit2isa 
logic 1 when a 5-bit word length is selected via bits O 
and 1, 17? Stop bits are generated or checked. If bit 2 
is alogic 1 when either a 6-, 7-, or 8-bit word length is 
selected, 2 Stop bits are generated or checked. 


Bit 3: This bit is the Parity Enable bit. When bit 3is a 
logic 1, a Parity bit is generated (transmit data) or 
checked (receive data) between the last data word 
bit and Stop bit of the serial data. (The Parity bit is 
used to produce an even or odd number of 1s when 
the data word bits and the Parity bit are summed.) 


Bit 4: This bit is the Even Parity Select bit. When bit 3 
is a logic 1 and bit 4 is a logic 0, ап odd number of 
logic 1s is transmitted or checked in the data word 
bits and Parity bit. When bit 3isalogic 1 and bit 415 а 
logic 1, an even number of bits is transmitted or 
checked. 


Bit 5: This bit is the Stick Parity bit. When bit 3 is a 
logic 1 and би 5is a logic 1, the Parity bit is transmit- 
ted and then detected by the receiver in the opposite 
state indicated by bit 4. 

Bit 6: This bit is the Set Break Control bit. When bit 6 
is alogic 1, the serial output (SOUT) is forced tothe 


Table 3. Baud Rates Using 1.8432 MHz Crystal. 


Desired Divisor Used 
Baud to Generate 
Rate 16x Clock 


Percent Error 
Difference Between 
Desired and Actual 


.69 


N 
со 
о 


NOTE: 1.8432 MHz is the standard 8080 frequency divided by 10. 


Spacing (logic 0) state and remains there (until reset by 
a low-level bit 6) regardless of other transmitter activity. 
The feature enables the CPU to alert a terminal in a 
computer communications system. 


Bit 7: This bit is the Divisor Latch Access Bit (DLAB). 
It must be set high (logic 1) to access the Divisor 
Latches of the Baud Rate Generator during a Read 
or Write operation. It must be set low (logic O) to 
access the Receiver Buffer, the Transmitter Holding 
Register, or the Interrupt Enable Register. 


WD8250 Programmable Baud Rate Generator 


The WD8250 contains a programmable Baud Rate 
Generator that is capable of taking any clock input 
(DC to 3.1 MHz) and dividing it by any divisor from 1 
to (25 - 1). The output frequency of the Baud Gener- 
ator is 16x the Baud rate. Two 8-bit latches store the 
divisor in a 16-bit binary format. These Divisor 
Latches must be loaded during initialization in order 
to insure desired operation of the Baud Rate Gene- 
rator. Upon loading either of the Divisor Latches, a 
16-bit Baud counter is immediately loaded. This 
prevents long counts on initial load. 


Tables 3 and 4 illustrate the use of the Baud Genera- 
tor with two different driving frequencies. One 15 ref- 
erenced to a 1.8432 MHz crystal. The other is a 3.072 
MHz crystal. 
NOTE 
The maximum operating frequency of the Baud 
Generator is 3.1 MHz. However, when using 
divisors of 6 and below, the maximum frequency 
is equal to 1/2 the divisor in MHz. For example, 
if the divisor is 1, then the maximum frequency is 
1/2 MHz. In no case should the data rate be 
greater than 56K Baud. 
Line Status Register 
This 8-bit register provides status information to the 
CPU concerning the data transfer. The contents of 


Table 4. Baud Rates Using 3.072 MHz Crystal. 
Percent Error 


Difference Between 
Desired and Actual 


Desired Divisor Used 
Baud to Generate 
Rate 16x Clock 


= о 
|11М191111111 
со 


14.285 
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the Line Status Register are indicated in table 2 and 
are described below. 

Bit 0: This bit is the receiver Data Ready (DR) indicator. 
Bit О is set to a logic 1 whenever a complete incoming 
character has been received and transferred into the 
Receiver Buffer Register. Bit 0 will be reset to a logic 0 
either by the CPU reading the data in the Receiver 
Buffer Register or by writing a logic O into it from the 
CPU. 

Bit 1: This bitisthe Overrun Error (OE) indicator. Bit 
1 indicates that data in the Receiver Buffer Register 
was not read by the CPU before the next character 
was transferred into the Receiver Buffer Register, 
thereby destroying the previous character. The OE 
indicator is reset whenever the CPU reads the con- 
tents of the Line Status Register. 

Bit 2: This bit is the Parity Error (PE) indicator. Bit 2 
indicates that the received data character does not 
have the correct even or odd parity, as selected by 
the even-parity-select bit. The PE bit is set toalogic 
1 upon detection of a parity error and is reset to a 
logic 0 whenever the CPU reads the contents of the 
Line Status Register. 

Bit 3: This bit is the Framing Error (FE) indicator. Bit 
3 indicates that the received character did not havea 
valid Stop bit. Bit 3 is set to a logic 1 whenever the 
Stop bit following the last data bit or parity bit is 
detected as a zero bit (Spacing level). 


Bit 4: This bit is the Break Interrupt (8!) indicator. Bit 
4 is set to а logic 1 whenever the received data input 
is held in the Spacing (Logic O) state for longer than 
a full word transmission time (that is, the total time 
of Start bit * data bits * Parity * Stop bits). 
NOTE 

Bits 1 through 4 are the error conditions that 

produce a Receiver Line Status interrupt whe- 

never any of the corresponding conditions are 

detected. 
Bit 5: This bit is the Transmitter Holding Register 
Empty (THRE) indicator. Bit 5 indicates that the 
WD8250 is ready to accept a new character for 
transmission. In addition, this bit causes the 
WD8250 to issue an interrupt to the CPU when the 
Transmit Holding Register Empty Interrupt enable 
is set high. The THRE bit is set to a logic 1 when a 
character is transferred from the Transmitter Hold- 
ing Register into the Transmitter Shift Register. The 
bit is reset tologic Oconcurrently with the loading of 
the Transmitter Holding Register by the CPU. 
Bit 6: This bitisthe Transmitter Shift Register Empty 
(TSRE) indicator. Bit 6 is set to a logic 1 whenever 
the Transmitter Shift Register is idle. It is reset to 
logic O upon a data transfer from the Transmitter 
Holding Register to the Transmitter Shift Register. 
Bit 6 is a read-only bit. 


Bit 7: This bit is permanently set to logic O. 


Interrupt Identification Register 

The WD8250 has an on chip interrupt capability that 
allows for complete flexibility in interfacing to all 
popular microprocessors presently available. In 
order to provide minimum software overhead dur- 
ing data character transfers, the WD8250 prioritizes 
interrupts into four levels. The four levels of inter- 
rupt conditions are as follows: Receiver Line Status 
(priority 1); Received Data Ready (priority 2); Trans- 
mitter Holding Register Empty (priority 3); and 
MODEM Status (priority 4). 

Information indicating that a prioritized interrupt is 
pending and source of that interrupt are stored in 
the Interrupt Identification Register (refer to table 
5). The Interrupt Identification Register (IIR), when 
addressed during chip-select time, freezes the high- 
est priority interrupt pending and no other inter- 
rupts are acknowledged until the particular 
interrupt is serviced by the CPU. The contents of the 
ИВ are indicated in table 2 and are described below. 
Bit 0: This bit can be used in either a hardwired 
prioritized ог polled environment to indicate 
whether an interrupt is pending. When bitOisalogic 
0, an interrupt is pending and the IIR contents may 
be used as a pointer to the appropriate interrupt ser- 
vice routine. When bit O is a logic 1, no interrupt is 
pending and polling (if used) continues. 


Bits 1 and 2: These two bits of the IIR are used to 
identify the highest priority interrupt pending as 
indicated in table 5. 


Bits 3 through 7: These five bits ofthe IIR are always 
logic O. 


Interrupt Enable Register 


This 8-bit register enables the four interrupt sources of 
the WD8250 to separately activate the chip Interrupt 
(INTRPT) output signal. It is possible to totally disable 
the interrupt system by resetting bits O through 3 of the 
Interrupt Enable Register. Similarly, by setting the 
appropriate bits of this register to a logic 1, selected 
interrupts can be enabled. Disabling the interrupt 
system inhibits the Interrupt Identification Register 
and the active (high) INTRPT output from the chip. А!! 
other system functions operate in their normal manner, 
including the setting of the Line Status and MODEM 
Status Registers. The contents of the Interrupt Enable 
Register are indicated in table 2 and are described 
below. 


Bit 0: This bit enables the Received Data Available 
Interrupt when set to logic 1. 


Bit 1: This bit enables the Transmitter Holding Register 
Empty Interrupt when set to a logic 1. 


Bit 2: This bit enables the Receiver Line Status |п- 
terrupt when set to logic 1. 


0SC80M 
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Table 5. Interrupt Control Functions. 


Priority |Interrupt 


Bit 2 Bit 1 Bit 0 
0 0 1 


Received 


Fourth | MODEM 
Status 


Bit 3: This bit enables the MODEM Status Interrupt 
when set to logic 1. 


Bits 4 through 7: These four bits are always logic O. 


MODEM Control Register 


This 8-bit register controls the interface with the 
MODEM or data set (or a peripheral device emulat- 
ing a MODEM). The contents of the MODEM Con- 
trol Register are indicated in table 2 and are 
described below. 


Bit 0: This bit controls the Data Terminal Ready 
(ОТА) output. When bit 0 is set to a logic 1, the DTR 
output is forced to a logic 0. When БИ 0 is resetto a 
logic 0, the DTR output is forced to a logic 1. 


Ju NOTE 
The DTR output of the WD8250 may be applied 
to an EIA inverting line driver (such as the 
DS1488) to obtain the proper polarity input at 
the succeeding MODEM or data set. 


Bit 1: This bit controls the Request to Send (RTS) 
output. Bit 1 affects the RTS output in a manner 
identical to that described above for bit O. 

Bit 2: This bit controls the Output 1 (OUT 1) signal, 
which is an auxiliary user-designated output. Bit 2 
affects the OUT 1 output in a manner identical to 
that described above for bit 0. 


Interrupt Identification Interrupt Set and Reset Functions 
Register 


Highest | Receiver 
Line Status 


Data Available 


НЕ 
Transmitter 
1 Third |Holding Register 
Empty 


Interrupt 
Source 


Interrupt 
Reset Control 


None 


Overrun Error or 
Parity Error or 

Framing Error or 
Break Interrupt 


Reading the 
Line Status Register 


Reading the 
Receiver Buffer 
Register 


Reading the IIR 
Register (if source 
of interrupt) or 
Writing into the 
Transmitter Holding 
Register 


Receiver 
Data Available 


Transmitter 
Holding Register 
Empty 


Clear to Send or 
Data Set Ready or | Reading the 
Ring Indicator or | MODEM Status 
Received Line Register 
Signal Detect 


Bit 3: This bit controls the Output 2 (OUT 2) signal, 
which is an auxiliary user-designated output. Bit 3 
affects the OUT 2 output in a manner identical to 
that described above for bit O. 


Bit 4: This bit provides a loopback feature for diagnos- 
tic testing of the WD8250. When bit 4 is set to logic 1, 
the following occur: the transmitter Serial Output 
(SOUT) is set to a logic one (high) state; the receiver 
Serial Input (SIN) is disconnected; the output of the 
Transmitter Shift Register is “looped back" into the 
Receiver Shift Register input; the four MODEM Control 
Inputs (CTS, DSR, RLSD, and RI) are disconnected; and 
the four MODEM Control outputs (DTR, RTS, OUT 1, 
and OUT 2) are internally connected to the four MODEM 
Control inputs. In the diagnostic mode, data that is 
transmitted is immediately received. This feature 
allows the processor to verify the transmit- and receive- 
data paths of the WD8250. 


In the diagnostic mode, the receiver and transmitter 
interrupts are fully operational. The MODEM Con- 
trol Interrupts are also operational but the inter- 
rupts' sources are now the lower four bits of the 
MODEM Control Register instead of the four 
MODEM Control inputs. The interrupts are still con- 
trolled by the Interrupt Enable Register. 

The WD8250 interrupt system can be tested by writ- 
ing into the lower six bits of the Line Status Register 


and the lower four bits of the MODEM Status Regis- 
ter. Setting any of these bits to a logic 1 generates 
the appropriate interrupt (if enabled). The resetting 
of these interrupts is the same as in normal WD8250 
operation. To return to this operation, the registers 
must be reprogrammed for normal operation and 
then bit 4 must be reset to logic O. 

Bits 5 through 7: These bits are permanently set to 
logic O. 


MODEM Status Register 

This 8-bit register provides the current state of the 
control lines from the MODEM (ог peripheral 
device) to the CPU. In addition to this current-state 
information, four bits of the MODEM Status Regis- 
ter provide change information. These bits are set to 
a logic 1 whenever a control input from the MODEM 
changes state. They are reset to logic 0 whenever 
the CPU reads the MODEM Status Register. 

The contents of the MODEM Status Register are 
indicated in table 2 and are described below. 

Bit 0: This bit isthe Delta Clearto Send (DCTS) indi- 
cator. Bit 0 indicates that the CTS input to the chip 
has changed state since the last time it was read by 
the CPU. 


Typical Applications 
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Bit 1: This bit is the Delta Data Set Ready (DDSR) 
indicator. Bit 1 indicates that the DSR input to the 
chip has changed state since the last time it was 
read by the CPU. 


Bit 2: This bit is the Trailing Edge of Ring Indicator 
(TERI) detector. Bit 2 indicates that the RI input to 
the chip has changed from an On (logic 1) to an Off 
(logic O) condition. 

Bit 3: This bit is the Delta Received Line Signal 


Detector (DRLSD) indicator. Bit З indicates that the 
RLSD input to the chip has changed state. 


NOTE 
Whenever bit 0, 1, 2, or 3 is set to logic 1, a 
MODEM Status Interrupt is generated. 


Bit 4: This bitisthe complement of the Clear to Send 
(CTS) input. 


Bit 5: This bit is the complement of the Data Set 
Ready (DSR) input. 

Bit 6: This bit is the complement of the Ring Indica- 
tor (RI) input. 


Bit 7: This bit is the complement of the Received 
Line Signal Detect (RLSD) input. 


Figures 1 and 2 show how to use the WD8250 chip in an 8080A system and in a microcomputer system with 


a high-capacity data bus. 


8080А А1 
MICROPROCESSOR 


DATA PORT 


8228/8238 
SYSTEM 
CONTROLLER pgs 


8224 Clock 
GENERATOR 
AND DRIVER 


o 


ПН 


жылыта ала 


ALTERNATE 
XTAL CONTROL 


Р 


88-232 
CONNECTOR 


. 1488 


—— VSS) е (УСС, 


FIGURE 1. TYPICAL 8-BIT MICROPROCESSOR/RS-232 TERMINAL INTERFACE USING THE ACE. 


очевам 
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Typical Applications (continued) 


RECEIVER DISABLE 


0Sc80M 


MICROCOMPUTER 


SYSTEM 


ет BUS 
TRANCEIVER 


DRIVER DISABLE 


FIGURE 2. TYPICAL INTERFACE FOR A 
HIGH-CAPACITY DATA BUS. 


DC Electrical Characteristics 


ABSOLUTE MAXIMUM RATINGS 


Temperature Under Bias ......... OC to: +70° G 
Storage Temperature -65?C to +150° C (Ceramic) 
-50? C to *125?C (Plastic) 
All Input or Output Voltages with 
PMespaect TO Уво: ахалсан -0.5 V to “7.0 V 
Power Dissipation .................... 750 mW 
Absolute maximum ratings indicate limits beyond 
which permanent damage may occur. Continuous 
operation at these limits is not intended; operation 
should be limited to those conditions specified 
under DC Electrical Characteristics. 


TA = 0°C to +70°C, МСС = +5V + 5%, Vss = OV, unless otherwise specified. 


Clock Input Low Voltage 
Clock Input High Voltage 
Input Low Voltage 

Input High Voltage 
Output Low Voltage 
Output High Voltage 


Avg Power Supply 
Current (VCC) 


Input Leakage 


Clock Leakage 
Data Bus Leakage 


Capacitance 
TA = 25°C, МСС = М55 = OV 


CXIN |(Сїоск 
Capacitance 


Input 
Capacitance 


Output 
Capacitance 


IOL=1.6mA on all outputs 
ЇОн--100 нА 


Vout = 04V | Data Bus is at 


" High-Impedance 
Vout = 46V State 


їс=1 MHz 
Unmeasured 
pins returned 
to VSS 


Typical Supply Current vs. 
Temperature, Normalized 


- 
2 
ш 
c 
c 
2 
о 
> 
= 
а. 
а. 
2 
N 


+25 


+50 


AMBIENT TEMPERATURE (°C) 
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AC Electrical Characteristic TA = 0“ С to +70 C, МСС = *5V + 500 Test Conditions 
ra 


Address Strobe Width 1TTL Load 
Address and Chip Select Setup Time 1T-TL Load 
Address and Chip Select Hold Time 1TTL Load 
CSOUT Delay from Latch 160 |1TTL Load 
DISTR/DISTR Delay from Latch 1TTL Load 
DISTR/DISTR Strobe Width 1TTL Load 
Read Cycle Delay 1TTL Load 
Read Cycle = tACS + tpip + ПОМ + tRC + 20 ns 1TTL Load 
DISTR/DISTR to Driver Disable Delay 200 |1TTL Load 
Delay from DISTR/DISTR to Data 300 |1TTL Load 
DISTR/DISTR to Floating Data Delay 1TTL Load 
DOSTR/DOSTR Delay From Latch 1TTL Load 
DOSTR/DOSTR Strobe Width 1TTL Load 
Write Cycle Delay 1TTL Load 
Write Cycle = tACS + 1000 + tpow + МС + 20 ns 1TTL Load 
Data Setup Time 1TTL Load 
Data Hold Time 1TTL Load 
CSOUT Delay from Select 260 |1TTL Load 
DISTR/DISTR Delay from Select 1TTL Load 
DOSTR/DOSTR Delay from Select 1TTL Load 
Address and Chip Select Hold Time from DISTR/DISTR 1TTL Load 
Address and Chip Select Hold Time fom БО5ТВ/ОО5ТВ 1TTL Load 
Master Reset Pulse Width 1TTL Load 


0Sc80M 


*Only applicable when ADS is permanently low. 
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очевам 


Receiver 


15со 
tSINT 
tRINT 


Baud Rate Divisor 

Baud Output Negative Edge Delay 
Baud Output Positive Edge Delay 
Baud Output Down Time 

Baud Output Up Time 


Delay from RCLK to Sample Time 
Delay from Stop to Set Interrupt 


Delay from DISTR/DISTR (RD RBR) to Reset 
Interrupt 


Transmitter 


tMDO 
tSIM 
tRIM 


Delay from DOSTR/DOSTR (WR THR) to Reset 
Interrupt 


Delay from Initial INTR Reset to Transmit Start 


Delay from Initial Write to Interrupt 


Delay from Stop to Next Start 
Delay from Stop to Interrupt (THRE) 


Delay from DISTR/DISTR (RD IIR) to Reset 
Interrupt (THRE) 


Modem Control 


Delay from DOSTR/DOSTR (WR MCR) to Output|. 


Delay to Set Interrupt from MODEM Input 
Delay to Reset Interrupt from DISTR/DISTR 


BAUDOUT 
Cycles 


BAUDOUT 
Cycles 


us 


BAUDOUT 
Cycles 


us 


Test 
Conditions 


100pF Load 
100pF Load 
100pF Load 
100pF Load 


100pF Load 
100pF Load 


100pF Load 


100pF Load 


100pF Load 
100pF Load 
100pF Load 
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DRIVER 


EXTERNAL 
CLOCK 


очевам 


OSC CLOCK TO 


OPTIONAL BAUD GEN 


DRIVER 


OPTIONAL LOGIC 
CLOCK 
OUTPUT 


мн 


Timing | Ма | Units 
‘XH 
XL 


FIGURE 3. EXTERNAL CLOCK INPUT (3.1 MHz MAX.) 


OSC CLOCK TO 
BAUD GEN 
LOGIC 


ом |. [в Гоа [© 
зэм | x | ом | osm | оре | ooir | 1030F 
тами | 2 | osm | osm |ветооре| oorr | 151орЕ 


FIGURE 4. TYPICAL CRYSTAL OSCILLATOR NETWORK 
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X ACTIVE 
i 


OR 


DOSTR/DOSTR x ACTIVE 


Грос 
- {рор гром "уус 


OR 


ЕС 
ACTIVE 
ј 


DISTR/DISTR | 
DATA - t ost t DH - 
Do-D; 
VALID DATA 


FIGURE 6. WRITE CYCLE TIMING 
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Ес | ЗЭЭР 


€ Е ја ын Bien npe 


очевам 


“ЕЕ 
‘BLD i |= ‘вно — «ни | мј 


науа БАНЫ а 


tBLD я. Е t BHD НМ = (n - 2) XTAL1 CYCLES 
BAUD OUT 
(+ N, N 53) 


'LW = 2 XTAL1 CYCLES 


FIGURE 7. BAUDOUT TIMING 


— 


вее Besse] 
= tSCD 


SAMPLE CLK | | 
SIN (RECEIVER 


- 
SAMPLE CLK 


' SINT 


ру == 
INTERRUPT aw 
'RINT 2 


DISTR/DISTR? | 
(READ REC DATA 
BUFFER) 


Notes: 
'See Write Cycle Timing 
25өе Read Cycle Timing 


FIGURE 8. RECEIVER TIMING 
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SERIAL OUT PARITY 


0SC80M 


SOUT 


'ss 


- mn 

----- — t [o 
STI 

INTERRUPT (THRE) 


2 ээн 


DOSTR/DOSTR' 
(WR THR) 


DISTR/DISTR? 
(RD IIR) 


Notes: 
‘See Write Cycle Timing 
’See Read Cycle Timing 


FIGURE 9. TRANSMITTER TIMING 


DOSTR/DOSTR' 
(WR MCR) 


CTS, 05А. RLSD 


— "SIM Ж эн = tsm |-- ве түрі 
им САМ 
DISTR/DISTR? 
(RD MSR) / N / N яс 


мэн 


Notes: 
'See Write Cycle Timing 
гоее Read Cycle Timing 


FIGURE 10. MODEM CONTROLS TIMING 
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ORDERING INFORMATION 


Max Clock 
Part Number Rate! Bits/Character 
WD8250*-00 3.1 MHz 5,6, 7,8 
УУ08250"-20 3.1 МН2 6,7,8 
WD8250*-30 500 kHz 5.6,7,8 


NOTES: 
1. This is the maximum clock rate that can be ap- 
plied to pins 16 or 17. 
* Consult your local Western Digital Sales Repre- 
sentative for information regarding package 
availability, price, and delivery. 


0Sc80M 
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See page 429 for ordering information. 


0Sc80M 


Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital 
Corporation for its use; nor for any infringements of patents or other rights of third parties which may result from its use. No license is granted by 
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to Change 
specifications at anytime without notice. 
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WD1691 FLOPPY SUPPORT LOGIC (F.S.L.) 


FEATURES GENERAL DESCRIPTION 
: | Тһе УУ01691 F.S.L. has been designed to minimize the 
€ Direct interface to the FD179X external logic required to interface the 179X Family of Floppy 
2 | Disk Controllers to a drive. With the use of an external VCO, 
е Eliminates external РОС Logic the WD 1691 will generate the RCLK signal for the WD179X, 
. while providing an adjustment pulse (PUMP) to control the 
€ Data Separation/RCLK GENERATION VCO frequency. VFOE/WF de-multiplexing is also accom- 
ite P ion rial plished and Write Precompensation signals have been in- 
е Write Precompensation Signals cluded to interface directly with the WD2143 Clock Generator. 
e VFOE/WF Demultiplexing Тһе У/01691 is implemented in N-MOS silicon gate 
technology and is available in a plastic or ceramic 20 pin 

e Programmable Density dual-in-line package. 


e 8" or 5.25" Drive Compatible 
€ All inputs and outputs TTL Compatible 
e Single +5М Supply 


WD1691 


BLOCK DIAGRAM 
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PIN NAME SYMBOL FUNCTION 
1 WRITE DATA WDIN Ties directly to the FD179X WD pin. 
INPUT 
2, 3, 4, 19 PHASE 02 93 01 04 4 Phase inputs to generate a desired Write Precompensation 
2, 3, 1, 4 delay. These signals tie directly to the WD2143 Clock 
Generator. 
5 STROBE STB Strobe output from the 1691. Strobe will latch at a high level 


on the leading edge of WDIN and reset to a low level on the 
leading edge of 04. 


6 WRITE DATA WÜOCUT Serial, pre-compensated Write data stream to be sent to the 
OUTPUT disk drive's WD line. 

7 WRITE GATE WG Ties directly to the FD179X WG pin. 

8 VFO ENABLE/ VFOE/WF Ties directly to the FD179X VFOE/WF pin. 
WRITE FAULT 

9 TRACK 43 TG43 Ties directly to the FD179X TG43 pin, If Write Precompen- 


sation is required on TRACKS 44-76. 


10 Vss Мы Ground 
11 READ DATA ROO Composite clock and data stream input from the drive. 
12 READ CLOCK RCLK RCLK signal generated by the WD1691, to be tied to the 


FD179X RCLK pin. 


- 


13 PUMP UP PU Tri-state output that will be forced high when the WD1691 
requires an increase in VCO frequency. 


14 PUMP DOWN PO Tri-state output that will be forced low when the WD1691 re- 
quired a decrease in VCO frequency. 


15 Doubie Density ODEN Double Density Select input. When Inactive (High), the VCO 
Enable frequency is internally divided by two. 

16 Voltage УСО A nominal 4.0MHz (8" drive) ог 2.0MHz (5.25" drive) master 
Controiled clock input. 
Oscillator 

17, 18 EARLY. EARLY EARLY and LATE signals from the FD179X, used to deter- 
LATE LATE mine Write Precompensation. 


20 Мы Ms + 5V + 10% power supply 


DEVICE DESCRIPTION 


The WD1691 is divided into two sections: 


1) Data Recovery Circuit 
2) Write precompensation Circuit 


. The Data Separator or Recovery Circuit has four inputs: 
DDEN, VCO, ВОО, and VFOE/WF; and three outputs: PU, 
PD and ЕСІК. The VFOE/WE input is used in conjunction 
with the Write Gate signal to enable the Data recovery circuit. 
When Write Gate is high, a write operation is taking place, 
and the data recovery circuits are disabled, regardless of the 
state on any other inputs. 
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When VFOE/WF and WRITE GATE are low, the data 
recovery circuit is enabled. When the RDO iine goes Active 
Low, the PU or PD signals will become active. If the RDO 
line has made its transition in the beginning of the RCLK 
window, PU will go from a HI-Z state to a Logic |, requesting 
an increase in VCO frequency. If the RDO line has made its 
transition at the end of the RCLK window, PU will remain in 
a HI-Z state while PD will go to a logic zero, requesting a 
decrease in VCO frequency. When the leading edge of ROD 
occurs in the center of the RCLK window, both PU and PD 
will remain tri-stated, indicating that no adjustment of the 
VCO frequency is needed. The RCLK signal is а divide-by- 
16 (ООЕМ+1) or а дмде-ру-8 (ООЕМ-0) of the VCO 
frequency. 


The Write Precompensation circuit has been designed 
to be used with the УУО2143-01 clock generator. When the 
WD1691 is operated in a "single density only" mode, write 
precompensation as well as the WD2143-01 is not needed. 
In this case, 01, 02, 03, 04, and STB should be tied together, 
ОБЕМ left open, and TG43 tied to ground. 


In the double-density mode (ODEN=0), the signals Early 
and Late are used to select a phase input (01 — 94) on the 


leading edge of WDIN. The STB line is latched high when 
this occurs, causing the WD2143-01 to start its pulse gen- 
eration. 02 is used as the wnte data pulse on nominal 
(Early 2 Late =ф), 02 is used for early, and 03 is used for late. 
The leading edge of 04 resets the STB line in anticipation of 
the next write data pulse. When ТС43-0 or DDEN- 1, Pre- 
compensation is disabled and any transitions on the WOIN 
line will appear on the WDout line. if write precompensation 
is desired on all tracks, leave TG43 open (an internal pull-up 
will force a Logic |) while DOEN=0. 


The signals, ODEN, TG43, and НОО have пета! pull- 
up resistors and may.be left open if a logic | is desired on 
any of these lines. 


The minimum Voh level on PU is specified at 2.4V, 
sourcing 200ua. During PUMP UP time, this output will "drift" 
from a tri-state to .4V minimum. By tying PU and PD together, 
a PUMP signal is created that will be forced low for a de- 
crease in VCO frequency and forced high for an increase in 
VCO frequency. To speed up rise times and stabilize the 
Output voltage, a resistor divider can be used to set the tri- 
state level to approximately 1.4V. This yields a worst case 
swing of = 1V; acceptable for most VCO chips with a linear 
voltage-to-frequencv characteristic. 


Both PU and РО signals are affected by the width of the 
RAW READ (ВОО) pulse. The wider the RAW READ pulse, 
the longer the PU or PO signal (depending upon the phase 
relationship to RCLK) will remain active. If the RAW READ 
pulse exceeds 250ns, (УСО = 4МН2, ODEN = 0) or 500ns. 
(VCO = 4MHz, DOEN = 1), then both a PU and PD will occur 
in the same window. This is undesirable and reduces the 
accuracy of the external integrator or low-pass filter to con- 
vert the PUMP signals into a slow moving O.C. correction 
voltage. 


Eventually, the PUMP signals will have corrected the 
VCO input to exactly the same frequency muitiple as the 
RAW READ signal. The leading edge of the RAW READ 
pulse will then occur in the exact center of the RCLK window, 
and ideal condition for the FD179X internal recovery circuits. 
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SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 
Ambient Temperature under Bias .......... — 25° to 70°С Storage Тетр.--Сегатіс--65%С to +150°C 
Voltage on any pin with respect Plastic —55'*C to. + 125°С 
Ю Ground (VSS) ccd услалаа» —0.2 to +7V 
Fower Dissipation y. l ЛЖ ETAT ya наа 1W 


HACTERISTIC 
T, = ф to 70°C; Мес = 5.0М< 1096; V,,=OV 


Input Low Voltage 


Ми Input High Voltage 

Vo. Output Low Voltage 

Мон High Level Output Voltage 
Мес Supply Voltage 


Supply Current 


AC ELECTRICAL CHARACTERISTCS 
Т, = 0° to 70°C; Мы = 5V= 1095; Vss = ОУ 


CON. ЫМЕН БНН Эн 


FIN VCO Input Frequency 
x Row RDD Pulse Width 
x Wa | EARLY (LATE) to WDIN 
| Ре PUMP UP/DN Time 
| W,, WDIN to WDOUT 
MEE Internal Pull-up Resistor 


PINS 
8, 9, 11, 15 


onty 


INTERNAL PULL-UP RESISTOR 


NOTE: Maximum limits indicate where permanent device 
damage occurs. Continuous operation at these limits is not 
intended and should be limited to those conditions specified 
in the DC Electrical characteristics. 


lo. = 3.2MA 
Іон = - 200џа 


All outputs open 


TEST CONDITIONS 


DDEN=1 
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Ct 


04 
STB 


WDOUT 


TG43 = "1" 
DDEN = "0" WRITE DATA TIMING (МЕМ) 
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TYPICAL APPLICATIONS 


Figure 1 illustrates the 1691 to FD1771-01 floppy disk con- 
troller. The RCLK signal is used to gate the RAW data pulses 
which are inverted by the 74LS04 inverter. Since RCLK will 
be high during data and low during clock а 741508 is used 
to switch the proper clock or data pulse to the FD1771. 


Shown in Figure 2 is a Phase-Lock Loop data separator 
and the support logic for a single and double-density 8" drive. 
The raw data (Both clock and data bits) are fed to the 
WD1691 and FD179X. Тһе WD1691 outputs its PU or PD 
signal, which is integrated by the .33uf capacitor and 33ohm 
resistor to form a control voltage for the 745124 VCO device. 
The 4.0MHZ nominal output of the VCO then feeds back to 
the WD1691 completing the loop. The WD2143-01 is also 
used, providing write precompensation when in double-den- 
sity, from tracks 44-77. The DOEN line can either be con- 
trolled by a toggle switch or a logic level from the host 
system. 


To adjust write precompensation, issue a command to 
the FD179X so that write data pulses are present. This can 
бе done with a ‘WRITE TRACK' command and the IP line 
open, or a continuous ‘WRITE SECTOR?’ operation. With a 
scope on pin 4 of the WD1691, adjust the precomp pot for 
the desired value. This will range from 100 to 300 ns typically. 
The pulse width set on pin 4 (01) will be the desired precomp 
delay from nominal. 


The data separator must be adjusted with the RDD or 
VFOE/WF line at a Logic |. Adjust the bias voltage poten- 
tiometer for 1.4V on pin 2 of the 748124. Then adjust the 
range control to yield 4.0MHZ on pin 7 of the 745124. 


74LS08 


FIG. 1 


FDDATA 


FOCLOCK 


WO1691 to FD1771-01 INTERFACE 


SUBSTITUTING VCO's 


There are other VCO circuits available that may be sub- 
stituted for the 745124. The specifications required are: 


1) The VCO must free run at 4.0MHz with a 1.4V control 
signal. The WD1691 will force this voltage 1 Volt in 
either direction (i.e., .4V - decrease frequency, 2.4V 
= increase frequency). | а + 15% capture range is 
desired, then а 1 Мой change on the VCO input should 
change the frequency by 15%. Capture range shouid 
be limited to about + 2525, to prevent the VCO from 
breaking into oscillation and/or losing lock because of 
noise spikes (causing abnormally quick adjustments of 
the VCO frequency). Jitter in the VCO output frequency 
may further be reduced by increasing the integration 
capacitor/resistor, but this will also decrease the final 
capture range and lock-up time. 


2) The sink output current of the WD1691 15 3.2та mini- 
mum. The source output current is —200ua. Therefore, 
source current is the limiting factor. Insure that the input 
circuitry of the VCO does not require source current in 
excess of —200ua. 


Another alternative is to use a voltage follower/level 
shifter circuit to match the input requirements of the VCO 
chosen. A more compiex filter can be used to convert the 
PUMP UP/PUMP DOWN pulses to the varying DC voltage 
signal required by the VCO, achieving an optimum condition 
between lock-up time and high frequency rejection. 
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1691V PLASTIC PACKAGE 


1691U CERAMIC PACKAGE 


This 13 а preliminary specification wrth tentative device parameters and may be subject to change after final product characterization 3 comoeted. 
Intormaton furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digitaj Corporation 


for 13 use; nor any infringements of patents or other nghts of third partes which may result from its use. No license is granted by implication or otherwise under 
any patent or patent nghts of Western Оюпаі Corporation. Western Digital Corporation reserves the night to chance said circuitry at any time wrthout notice. 
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1. ALL RESISTOR VALUES ARE ІМ ОНМ5 (к - 1,000, М - Н you order а рал from Zenith Data Systems, use the (НЕ) 
1,000,000) ALL RESISTORS ARE 1/4-WATT, 596 UNLESS OTHER- prefix. Example: 
WISE SPECIFIED. 


HE 443-730 


2. ALL CAPACITOR VALUES ARE IN „Е (MICROFARADS), UNLESS 
OTHERWISE SPECIFIED. If you order а part from Heath Company, DO NOT use the 
(HE) prefix. Example: 


3. REFER TO THE CIRCUIT BOARD COMPONENT VIEW FOR THE 
PHYSICAL LOCATION OF PARTS. 443-730 


Ex EZ B Ба | 
22 


For semiconductor type numbers (Example: 7415153), refer 
LEGENDO: to the "Semiconductor Identification Chart." 
1. 57 CIRCUIT BOARD GROUND 
ALL UNUMBERED INDEX: 
PINS - N.C, | 2 —3» -5У 
Sheet 1 of 2 
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